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ABSTRACT 

In  the  first  part  of  this  thesis  the  investigation  of  the 
alkaloids  of  L.  alopecur oides  L.  is  described.  A  total  of  ten 
alkaloids  (2a,  3,  14a,  25,  39,  71,  78a,  80,  87a,  and  89a)  were 
isolated  and  characterized.  These  included  lycopodine  (2a), 
clavolonine  (3),  and  lycodoline  (14a).  The  structures  of  these 


three  alkaloids  have  been  previously  determined.  Anhydrolyco- 
doline  (25)  was  also  isolated.  The  natural  occurence  of  anhydro- 
lycodoline  had  not  been  noted  previously. 


The  structure  of  alolycopine  (78a)  was  established  by 
physical  and  chemical  methods. 

Structures  are  proposed  for  fawcettidine  (3  9),  alopecur - 
idine  (71)  and  fawcettimine  (38).  The  latter  alkaloid  is  found  in 
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L .  f awcettii .  These  structural  assignments  are  based  on  chemical 

correlations  and  other  data.  The  complete  structures  of  f awcettidine 


(39)  and  fawcettimine  (38)  are  now  known.  The  position  of  the 
hydroxyl  group  in  alope cur idine  (71)  is  tentatively  assigned  to  C-4. 

The  structure  of  debenzoylalopecurine  (87a)  was 
established  by  X-ray  analysis.  This  enabled  the  structures  of 
alopecurine  (80)  and  acetyldebenzoylalopecurine  (89)  to  be  elucidated 
by  chemical  and  physical  methods. 


In  the  second  part  of  this  thesis  the  investigation  of  the 
strong  bases  of  L.  Lucidulum  Michx.  is  described.  A  total  of  seven 
alkaloids  (2  a,  14a,  5,  91,  18,  98a  and  119  a)  were  isolated  and 
characterized.  These  included  lycopodine  (2a),  lycodoline  (14a), 
lycodine  (5),  flabellif ormine  (91)  and  alkaloid  L.20  (18)  of  known 


structure  . 
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VI 


The  structures  of  alkaloid  L.23  (98a)  and  lucidioline 


(119a)  were  elucidated  using  chemical  and  physical  methods . 


9  8a 
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IN  T  R  O  DU  C  T  ION 


The  history  of  the  Lycopodium  alkaloids  dates  back  to 
1881  when  Bodeker  1  reported  the  isolation  of  a  base  from 
L.  complanatum  L.  Manske  and  Marion,  in  a  series  of  publica¬ 
tions  between  1942  and  1953  ,  reported  the  isolation  of  35  bases 
from  a  variety  of  Lycopodium  species  and  so  demonstrated  that 
this  family  is  a  rich  source  of  alkaloids  .  At  the  present  time 
in  excess  of  90  alkaloids  have  been  characterized  from  this  family 
Annotinine  (1)  ,  the  major  alkaloid  of  L.  annotinum  L.  ,  was  the 
first  of  these  alkaloids  to  yield  to  structural  studies  ^ .  The 
structure  and  stereochemistry  of  this  compound  were  confirmed  by 


5 

X-ray  analysis  .  In  I960  ,  lycopodine  ,  the  most  widespread  alkaloid 
found  in  the  Lycopodiaceae  ,  was  assigned  structure  2  Following 

this  publication  a  whole  series  of  structures  were  elucidated.  Many 
of  these  structures  have  a  similar  carbon  skeleton  to  lycopodine  (2) 
while  others  differ  substantially  from  that  structure.  Some 
representatives  of  the  various  groups  are  shown  in  table  I. 
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able  T 


Annopodine11 


Lycodine12 
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Many  of  the  advances  achieved  in  the  structural  studies 
are  due  to  new  and  improved  methods  of  isolation  as  well  as  methods 
of  structural  analysis.  Countercurrent  distribution,  thin-layer 
chromatography  (tic),  elution  chromatography  and  gas  liquid 
partition  chromatography  (glpc)  have  all  contributed  greatly  to  the 
study  of  Lycopodium  alkaloids.  The  elucidation  of  structure  of  the 
alkaloids  has  equally  been  aided  by  the  development  of  physical 
methods.  Nuclear  magnetic  resonance  (nmr)  has  played  a  large 
part  in  this  field  of  study  (e.g.  ,  serratinine  ,  Table  I)  as  have 
infrared  and  ultraviolet  spectroscopy.  X-ray  crystallography  has 
both  confirmed  (e.g.  ,  lucidullne  ,  Table  I)  and  established  (e.g.  , 
annopodine  ,  Table  I)  structures  in  this  series  of  alkaloids.  The 
application  of  mass  spectrometry  has  been  of  great  value  in  the 
elucidation  of  the  structures  of  the  Lycopodium  alkaloids.  MacLean 
examined  the  spectra  of  a  variety  of  alkaloids  having  the  lycopodine 
skeleton.  Since  then  mass  spectrometry  has  been  used  in  virtually 
all  structural  studies.  A  brief  discussion  of  the  spectra  of  some 
lycopodine  type  alkaloids  is  appropriate  ,  since  use  has  been  made 
of  this  method  in  the  work  described  in  this  thesis. 

Upon  electron  impact  lycopodine  (2)  shows  prominent 
peaks  at  m/ e  247  (M+)  ,  204  (M  +  -43)  ,  190  (M  +-57  ,  base  peak)  , 
l62(M+-85)  and  134(M+-113)  The  fragmentation  leading  to 

the  base  peak  involves  the  loss  of  the  bridge  as  shown  in  Scheme  I. 

It  may  be  noted  that  this  is  a  typical  cy clohexylamine  fragmentation 
route  ^  also  shown  in  Scheme  I.  The  hydrogen  lost  with  the  bridge 
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Scheme 


m/e  204(M+-43) 
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is  postulated  to  come  from  position  12  since  deuterium  introduced 
at  C-4  and  C-6  is  not  lost  and  acrifoline  ,  which  has  a  double  bond 

between  C-ll  and  C-12,  shows  a  very  different  fragmentation 

13  + 

pattern  .  The  fragments  showing  m/e  162(M  -85)  and  m/e 

134(M+-113)  represent  consecutive  losses  of  28  units  from  the  base 

peak  (m/e  190)  and  are  no  doubt  due  to  losses  of  carbon  monoxide 

and  ethylene.  The  order  in  which  these  units  are  lost  has  not  been 

determined . 


The  presence  of  substituents  on  the  bridge  ,  as  for 
example  in  clavolonine  (3)  and  annofoline  (4)  ,  does  not  alter 
appreciably  the  fragmentation  pattern  exhibited  by  lycopodine  and 
its  derivatives.  Both  the  presence  and  the  nature  of  the  substituents 
on  the  bridge  are  immediately  evident  from  an  examination  of  the 

OH 


spectra.  The  base  peak  in  the  mass  spectrum  of  clavolonine  (3)  is 
at  m/e  190  indicating  a  loss  of  73  mass  units  —  bridge  plus  hydrogen 
plus  oxygen.  Likewise  the  base  peak  in  the  mass  spectrum  of 
annofoline  at  m/e  192  indicates  the  presence  of  a  carbonyl  on  the 
bridge . 
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Biogenetic  considerations  have  played  an  important  role 

in  the  structural  elucidation  of  Lycopodium  alkaloids  ,  notably 

9  ,  16  12  l^ 

cernume  and  lycocernuine  ,  lycodoline  (5),  annotine 

,  18  19  10 

and  more  recently  fawcettidine  ,  fawcettimine  and  luciduline 

20 

Conroy  proposed  that  the  alkaloids  might  be  formed  from  the 
condensation  of  two  eight -carbon  polyacetate  chains.  Thus  the 
condensation  of  two  3  ,  5 , 7-triketo-octanoic  acid  equivalents  with  one 
or  more  equivalents  of  ammonia  accounts  not  only  for  the  general 
construction  of  the  alkaloids  but  also  for  many  structural  details. 

The  sequence  shown  in  Scheme  II  accounts  for  the  biosynthesis  of 
lycopodine  (2)  and  lycodine  (5).  The  polyacetate  hypothesis  of 
Conroy  is  the  origin  of  the  numbering  system  used  for  these  alkaloids 
as  an  examination  of  Scheme  II  shows. 

The  route  to  annotinine  (1)  is  a  minor  variant  of  the 
general  pattern.  In  6,  Scheme  II,  if  carbon  8  is  oxidized  to  a 
carboxyl  group  before  formation  of  7,  no  aldol  condensation  can 
occur  at  C-8.  An  alternative  ring  closure  at  C-12  forming  a  cyclo¬ 
butane  ring  could  occur  leading  to  annotinine  (1). 


The  hypothesis  also  accommodates  the  Lycopodium 


alkaloids  having  completely  different  skeletons. 


Two  examples  are 
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Scheme  II 


16 


Lycodine 

5 


8 


given  in  Scheme  III. 


2 1 

More  recently  MacLean  and  coworkers  conducted 

14  14 

experiments  in  which  lysine -2-  C  and  lysine-6-  C  were  separately 
administered  to  Lycopodium  flabelliforme  .  In  each  case  radio¬ 
active  lycopodine  (2)  was  isolated.  One  fourth  of  the  activity  was 
found  at  the  carbonyl  carbon  in  each  experiment.  Further  experi¬ 
ments  led  the  authors  to  propose  that  lysine  (8)  serves  as  a  pre- 

22 

cursor  to  lycopodine  (2)  via  two  pelletierine  units  (9)  as  depicted 

14 

in  Scheme  IV.  The  fact  that  lysine-6-  C  is  specifically  incorpor- 

23 

ated  into  the  piperidine  ring  of  N -methylpelletier ine  lends  further 
support  to  this  hypothesis. 


IXOOH 

‘NH2Nmh2 

Lysine 


Relief  i  erine 


8  9 

Annotinine  (1)  can  be  accommodated  in  this  scheme  if 
one  considers  that  lycopodine  (2)  or  some  related  form  may  be  a 
precursor  Cleavage  of  the  C(8)-C(15)  bond  followed  by 

recyclization  could  afford  an  annotinine  system  10. 


2 


10 
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Scheme  III 


Luciduline 
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Scheme  IV 


10 


Lycopodine 

2 


It  has  also  been  postulated  that  lyconnotine  (11)  , 

annotine  (12)  and  serratinine  (13)  could  arise  from  rearrangement 

3 

of  the  lycopodine  skeleton 


II  12  13 

The  biogenesis  of  luciduline  and  cernuine  (see  Scheme 
III)  can  easily  be  accommodated  in  the  MacLean  hypothesis  as  is 
shown  in  Scheme  V. 

In  the  course  of  elucidating  the  structure  of  the  presently 
known  Lycopodium  alkaloids  many  of  these  were  correlated  with 
one  another  ^ . 

Lycopodine  has  been  the  main  alkaloid  for  reference 
probably  due  to  the  fact  that  it  is  relatively  plentiful  and  has  been 
most  extensively  investigated. 


Ayer  and  Iverach  were  able  to  convert  lycodoline  (14) 
into  a  mixture  of  lycopodine  (2)  and  epilycopodine*  (15). 


*  Epilycopodine  is  the  name  of  1  2 -epi-ly copodine  . 


. 


I 


. 


J 

' 

, 


* 


■ 

' 


' 


12 


Scheme  V 


Cernuine 


13 


Anet  and  Rao  converted  lycopodine  (2)  to  lycodine  (5) 

27 

and  at  the  same  time  Ayer  and  coworkers  converted  a-obscurine 
(16)  to  dihydr olycopodine  (17). 


"0 


A  few  years  later  lycopodine  (2)  was  converted  to 


2  8 

annofoline  (4)  by  Ayer  and  coworkers 


0 


0 


Lycopodine  (2)  has  also  been  converted  to  alkaloid  L.20 
30 


(18)  and  flabelline  (19). 


29 
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As  well  as  making  direct  correlations  between  known 
alkaloids  ,  some  degradation  products  obtained  in  structural 

studies  were  independently  synthesized.  Wiesner  ,  Yalenta  and 

31 

coworkers  proved  the  structure  of  lyconnotine  (11)  by  synthesiz¬ 
ing  one  of  its  degradation  products  (20)  from  8 -hydr oxyjulolidine  (21). 


In  the  course  of  the  structural  elucidation  of  cernuine 

32 

(22)  and  lycocernuine  (23)  ,  Ayer  and  Piers  synthesized  dihydro- 

deoxyepiallocernuine  (24)  which  had  been  obtained  from  lyco- 
9,  33 


cernuine 


(23). 


- 


: 


* 

t 

. 


i 


. 


- 

■ 


■ 


15 


22  R  =  H 

23  R  =  OH 

Since  the  first  report  of  an  attempted  synthesis  of 

lycopodine  (2)  in  1964  by  Bohlmann  and  coworkers  there  have 

,  ,  25,  36,  37 

been  many  other  attempts  reported 

The  first  successful  synthesis  of  lycopodine  (2)  was 

Q  O 

simultaneously  reported  in  1968  by  Stork  and  coworkers  and  by 

39 

Ayer  and  coworkers  .  These  two  methods  for  the  preparation  of 
lycopodine  (2)  also  represent  in  a  formal  sense  the  synthesis  of  many 
of  the  other  Lycopodium  alkaloids  which  have  been  synthesized  from 
lycopodine  . 


In  1967  the  research  group  at  the  University  of  New 

40 

Brunswick  reported  a  synthesis  of  annotinine  (1) 

The  alkaloids  having  different  skeletons  from  lycopodine 
(2)  and  annotinine  (1)  now  represent  interesting  synthetic  problems. 

The  work  presented  in  this  thesis  can  be  divided  into 
two  main  parts.  In  the  first  part  the  alkaloids  of  L.  alopecur oides  L. 
are  investigated.  From  this  plant  six  new  alkaloids  were  obtained 
and  the  structure  of  each  examined. 

An  examination  of  the  alkaloids  from  the  strong  bases 
of  L.  lucidulum  constitutes  the  second  part  of  this  thesis. 
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DISCUSSION  AND  RESULTS 

PART  I 


1  .  Isolation 

The  presence  of  alkaloids  in  L.  alopecur oides  L.  has 
n  ,  41  ,  42  41 

been  noted  previously  .  Monroe  et  al  ,  in  an  extensive 

screening  program  of  the  native  flora  of  the  United  States  of  America, 

reported  a  positive  Mayer  alkaloid  test  for  L.  alopecuroides  .  More 

42  .  . 

recently  Valverde  isolated  six  compounds  from  this  lycopod  by 
chromatographic  separation  of  the  crude  alkaloid  extract  adsorbed 
on  alumina.  These  compounds  included  lycopodine  (2)  ,  lycodoline 
(14)  and  clavolonine  (3)  of  known  structure  and  three  that  had  not  been 
reported  in  the  literature  previously.  These  three  new  alkaloids 


2  Rj  =  H,  R^  —  H  lycopodine 

14  Rj—  OH,  R^  "  H  lycodoline 

3  R  —  H,  R?  =  OH  clavolonine 

1  ^ 


were  given  the  names  alopecurine  ,  alopecuridine  and  "base  16"  but 
no  structures  were  assigned  at  that  time. 

The  information  then  available  on  these  alkaloids 
suggested  that  they  did  not  contain  the  tetr acyclic -lycopodine  skeleton 
and  that  further  investigation  of  these  structures  would  be  justified. 

In  particular  ,  it  appeared  that  alopecurine  contained  a  pentacyclic 
skeleton,  a  structural  type  not  previously  encountered  in  this  group 
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of  alkaloids . 

Alopecuridine  ,  ,  has  properties  similar  to 

fawcettimine  ,  C16H25NO2  ,  (vide  infra)  ,  an  alkaloid  isolated  from 
L.  F awcettli  and  it  seemed  probable  that  alopecuridine  was  an 
hydroxylated  fawcettimine.  The  complete  structure  of  fawcettimine 
was  not  known  at  the  time.  "Base  16"  was  assigned  the  molecular 
formula  on  the  basis  of  mass  spectral  data.  Since 

"base  16"  is  resistant  to  hydrogenation  and  shows  no  absorption  in 
the  carbonyl  region  of  the  infrared  spectrum,  it  too  appeared  to  be 
pentacyclic  in  structure. 

In  the  present  investigation  a  total  of  ten  alkaloids 

were  isolated  and  characterized.  These  included  five  of  the  com- 

42 

pounds  isolated  by  Valverde  ,  however,  no  "base  16"  could  be 
found  even  though  a  thorough  search  was  conducted. 

The  separation  of  the  alkaloids  of  L.  alopecur oides  was 
achieved  by  a  combination  of  chromatographic  techniques.  Adsorp¬ 
tion  on  alumina  of  the  crude  alkaloid  extract  followed  by  elution  with 
solvents  of  increasing  polarity  effected  a  preliminary  separation. 

The  progress  of  the  separation  was  monitored  by  thin-layer  chroma¬ 
tography.  The  fractions  thus  obtained  were  further  separated  by 

4 

gas  liquid  partition  chromatography,  "dry-column"  chromatography 
and  by  crystallization.  The  technique  of  "dry-column"  chromato¬ 
graphy  is  based  on  the  fact  that,  as  in  thin-layer  chromatography, 
development  is  effected  by  movement  of  an  eluent  over  dry  absorbent 
using  only  the  solvent  absorbed  by  capillary  action.  Thus,  a  column 
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is  dry -packed  and  developed  by  allowing  the  solvent  to  move  down 
mainly  by  capillary  action  (aided  by  the  pull  of  gravity)  using  a 
solvent  head  of  only  1-2  cm.  When  the  solvent  reaches  the  bottom, 
development  is  complete  and  the  components  are  isolated  by 
extrusion  and  slicing  or  by  further  elution.  In  order  to  facilitate 
the  presentation,  the  alkaloids  will  be  discussed  in  order  of 
decreasing  value. 

The  total  crude  alkaloid  mixture  was  obtained  from 
Smith,  Kline  and  French  Laboratories  ,  Philadelphia,  who  used  the 


44 


isolation  procedure  reported  by  Ayer  et  al  .  A  portion  of  this 

material  was  chromatographed  over  basic  alumina.  Elution  with 

benzene  furnished  an  oil  which  contained  three  components.  "Dry- 

column"  chromatography  was  successful  in  separating  two  of  the 

components  in  pure  form.  One  of  these,  an  unstable  oil,  appeared 

25 

from  the  mass  spectrum  to  be  anhydr olycodoline  (25).  This  was 

confirmed  by  an  examination  of  the  crystalline  hydrochloride  salt. 


0 


25 


The  natural  occurrence  of  anhydr  olycodoline  had  not  been  noted 
previously.  The  other  component  to  be  separated  by  "dry-column" 


chromatography  was  lycopodine  (2)  ,  the  most  widely  distributed  of 

45 

the  Lycopodium  alkaloids  .  The  third  component  of  the  mixture 
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was  separated  in  pure  form  by  gas  liquid  partition  chromatography 
(glpc) .  The  first  component  to  emerge  from  glpc  column  was 
anhydr oly codoline  which  had  already  been  characterized.  The 
second  compound  to  emerge  from  the  glpc  column  was  also  an  oil, 
moderately  stable  in  air  ,  that  was  isolated  as  a  crystalline  pier  ate 
salt.  The  melting  point  and  infrared  spectrum  of  this  pier  ate  were 
identical  with  those  of  fawcettidine  pier  ate*.  Although  fawcettidine 
has  a  larger  R.£  than  anhydr  oly  codoline  on  tic  it  has  a  longer  retention 
time  on  glpc.  The  elucidation  of  the  structure  of  fawcettidine  will  be. 
described  in  Section  2. 

Elution  with  ether  yielded  a  mixture  of  two  alkaloids  of 

similar  value.  Crystallization  from  acetone  afforded  one  of  the 

components  in  pure  state.  This  component,  the  structure  and 

properties  of  which  will  be  described  in  Section  4,  has  been  named 

alopecurine.  Concentration  of  the  mother  liquors  from  this 

2  5 

crystallization  furnished  crystals  of  lycodoline  ,  the  identity  of 
which  was  established  by  comparison  with  an  authentic  sample. 

The  next  component  eluted  with  ether  was  acetyldebenzoylalope cujrine  . 
It  was  apparent  from  the  infrared,  nuclear  magnetic  resonance  and 
mass  spectra  of  this  alkaloid  that  the  benzoyl  group  of  alopecurine 
had  been  replaced  by  an  acetyl  group.  Confirmation  of  this  was 
obtained  by  a  chemical  correlation  of  the  two  alkaloids  as  described 
in  Section  4 . 


*  Kindly  supplied  by  Dr.  R.  H.  Burnell. 
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Elution  with  chloroform  furnished  clavolonine  (3) 
identified  by  its  melting  point  and  infrared  spectrum.  "Dry-column" 
chromatography  of  the  mother  liquors  of  this  crystallization  furnished 
an  oil,  homogeneous  by  tic  ,  that  displayed  a  characteristic  band  in 
the  infrared  spectrum  at  1640  cm  .  After  unsuccessful  attempts 
to  crystallize  this  oil  it  was  treated  with  acetic  anhydride  in 
pyridine  solution  and  gave  a  crystalline  O -acetyl  derivative.  Hydro¬ 
lysis  of  the  purified  O- acetyl  derivative  produced  the  original 
compound  which  crystallized  from  ether  solution  and  was  given  the 
name  aloly copine.  Subsequently,  the  infrared  spectra  of  all  the 
mother  liquors  were  taken  and  those  displaying  a  1640  cm  ^  band 
were  combined  and  acetylated.  The  O - acetylaloly copine  was  easily 
separated,  purified  and  hydrolyzed  to  give  crystalline  alolycopine. 

The  structure  of  the  O- acetylalolycopine  was  deduced  from  the  ultra¬ 
violet ,  infrared,  nuclear  magnetic  resonance  and  mass  spectra  as 
described  in  Section  3.  The  final  chemical  proof  was  obtained  when 
the  hydrogenation  of  O- acetylalolycopine  produced  acetylanhydr o- 

g 

aposer r atinine  ,  a  compound  of  known  structure. 

Further  elution  provided  another  new  alkaloid  which  has 
been  given  the  name  alopecuridine .  The  interesting  properties  of 
this  alkaloid  are  related  to  a  plausible  structure  in  Section  2.  Elution 
with  methanol- chloroform  yielded  a  small  amount  of  debenzoyl- 
alopecurine.  Whether  this  alkaloid  occurs  in  the  plant  or  is  formed 
during  the  isolation  procedure  by  hydrolysis  of  alopecurine  is  not 


known  „ 
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2.  (a)  The  Structure  of  Fawcettidine 

Fawcettidine  (Base  F)  was  first  isolated  by  R  .  H.  Burnell^ 

from  a  Jamaican  plant,  L.  fawcettii  Lloyd  and  Underwood,  by 

distillation  of  the  crude  basic  extract.  The  preparation  of  the 

picrate  and  the  methiodide  was  reported.  A  sample  of  dihydro- 

fawcettidine  (45  mg)  ,  prepared  by  sodium  borohydride  reduction  of 

fawcettidine  ,  was  supplied  by  Burnell  and  used  in  the  present 

investigation.  Oxidation  of  the  dihydr of awcettidine  with  Jones' 

reagent  furnished  fawcettidine  which  displays  characteristic  bands 

in  the  infrared  spectrum  (CCl^)  at  1740,  1  6 6 0  and  1415  cm~^.  The 

1740  cm  ^  band  disappeared  on  reduction  with  sodium  borohydride 

and  was  assigned  to  a  cy clopentanone  carbonyl.  The  1415  cm’^ 

band  indicated  the  presence  of  a  methylene  group  adjacent  to  the 

carbonyl  (-CH^CO-).  This  band  is  absent  from  the  spectrum  of 

dihydr  of  awcettidine  .  The  1660  cm  ^  band  was  assigned  to  a 

double  bond  and  this  was  confirmed  by  the  presence  of  one  olefinic 

proton  in  the  nuclear  magnetic  resonance  spectrum  of  fawcettidine. 

Because  of  the  relatively  high  intensity  of  this  1660  cm~^  band  it  was 

thought  that  it  might  be  adjacent  to  the  nitrogen.  The  proximity  of 

the  double  bond  to  the  nitrogen  would  also  account  for  the  low  basicity 
47 

(pKa  6.4)  of  fawcettidine  compared  to  lycopodine  and  the  shift 
to  lower  field  of  the  olefinic  proton  in  the  nuclear  magnetic  resonance 
spectrum  of  fawcettidine  in  perdeutero  acetic  acid  (x3.37)  compared 
to  the  chemical  shift  in  deuter  ochlor  of  or  m  (i4.1).  The  nuclear 
magnetic  resonance  spectrum  of  fawcettidine  shows  a  methyl  signal 
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at  x  8.86  (3H  ,  d,  J  =  7  cps).  The  relationship  between  this  methyl 
group  and  the  olefinic  proton  (  t4 . 1  ,  1H  ,  d  ,  J  =  5  cps)  was  established 
by  spin  decoupling  experiments.  Double  irradiation  at  i  7.68  spin 
decouples  both  the  olefinic  doublet  and  the  methyl  doublet. 

This  ga.ve  a  part  structure  (26)  in  which  the  methyl  group 
is  allylic  to  a  vinylamine  .  A  structure  such  as  this  was  consistent 
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with  the  mass  spectrum  of  fawcettidine  (figure  7a,  page  40)  which 
shows  a  strong  M  +  -15  (m/e  230)  indicating  a  facile  loss  of  methyl 
radical  to  give  a  resonance  stabilized  ion  (27). 
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Vinylamine s  usually  show  a  hypsochromic  shift  of 
double  bond  stretching  frequency  in  the  infrared  (20-50  cm‘^)  on 


48 


O 

salt  formation  as  shown  in  the  sequence  28  — *■  29. 


I 


H+  V  |  I 

->  J\]=-C  — CH 


28  29 

The  position  of  the  double  bond  stretching  frequency  in 
the  infrared  spectrum  of  O - acetyldihydr of awcettidine  (1660  cm"1) 
remained  unchanged  on  hydroperchlorate  formation.  Also,  the 
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chemical  shift  of  an  enamine  proton  is  in  the  region  of  t  5.  5 
while  the  olefinic  proton  in  dihydr of awcettidine  is  at  t4.47.  Both 
of  the  above  results  can  be  accommodated  in  the  part  structure  26 
if  a  cage  structure  is  postulated  in  which  no  overlap  occurs  between 
the  p  orbitals  of  the  double  bond  and  the  orbital  containing  the  lone 
electron  pair  on  nitrogen.  In  this  case,  N-,  rather  than  C- protonation 
occurs  on  salt  formation.  Neostrychnine  (3  0)  is  an  example  of  such 
a  vinylamine  that  does  not  show  a  shift  of  double  bond  stretching 

frequency  in  the  infrared  on  salt  formation  due  to  a  bridged 

.  .  48 

structure 


A  review  of  the  structures  of  the  lycopodium  alkaloids  known 
at  that  time  ,  showed  that  only  one  contained  a  cyclopentanone  group. 

This  was  serratinine  (13),  the  major  alkaloid  from  L.  s erratum 

7 

Thunber gii  .  An  inspection  of  the  structure  showed  that  in  no 
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simple  way  can  part  structure  26  be  incorporated  into  the  skeleton 

of  serratinine  (13).  It  was  thus  concluded  that  fawcettidine  had  a 

skeleton  unique  among  lycopodium  alkaloids. 

Since  serratinine  (13)  was  at  that  time  (spring  of  1966) 

the  only  known  lycopodium  alkaloid  with  a  cy clopentanone  ring  ,  it 

seemed  possible  that  fawcettidine  might  be  biogenetically  related  to 

50 

serratinine.  Inubushi  and  coworkers  speculated  that  the 

serratinine  ring  system  might  arise  by  rearrangment  of  an  alkaloid 

with  the  lycopodine  skeleton.  They  suggested  that  a  precursor 

51 

such  as  32  3  with  the  oxygenation  pattern  found  in  lycofawcine  (31)  , 
might  undergo  rearrangment  to  the  serratinine  system  in  the  manner 
depicted  in  the  sequence  32  35.  Acrifoline  (36)  could  serve  equally 

well  as  a  precursor  for  rearrangment  to  the  serratinine  system. 
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At  that  time  it  was  felt  (see  Appendix  1  ,  copy  of  letter 

to  Prof.  Y.  Inubushi)  that  fawcettimine  ,  an  alkaloid  isolated  from 

47 

L .  f awcettii  by  Burnell  might  be  related  to  the  hypothetical 
intermediate  34  of  this  biogenetic  scheme  and  be  represented  by 
structure  37  (34,  OH  replaced  by  H)  .  It  was  conceivable  that 
dehydration  of  38  ,  the  carbinolamine  form  of  37  would  give  a 
compound,  39,  which  would  possess  the  properties  of  fawcettidine  . 


37  38  39 

In  particular  ,  39  is  an  enamine  in  which  the  lone  pair  on  the  nitrogen 
cannot  overlap  effectively  with  the  double  bond  as  shown  in  the 
perspective  drawing  39a  and  would  be  expected  to  display  all  the 


properties  of  fawcettidine. 

At  the  time  when  structure  39  was  seriously  being 
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considered  as  a  likely  structure  for  fawcettidine  ,  but  had  not  yet 

1  8 

been  proven,  Inubushi  and  coworkers  published  a  structure  for 
fawcettidine  (40)  ,  the  same  as  39  ,  except  the  stereochemistry  at 
C-4  was  unspecified.  The  weak  basicity  of  fawcettidine,  the 

0 

Fawcettidine 
4  0 

presence  of  a  double  bond  in  the  molecule  and  the  infrared  band  at 
1740  cm  together  with  the  hypothetical  biogenesis  of  serratinine 
type  alkaloids  led  the  authors  to  suppose  that  the  skeletal  structure 

J 

of  fawcettidine  was  the  same  as  that  of  acetylanhydr oaposer r atinine 
(pKa  6.4)  (41).  Acetylanhydr oaposerr atinine  had  been  obtained  by 


Inubushi  and  coworkers  in  an  attempt  to  transform  serratinine  (13) 
into  lycodoline  (14).  The  purpose  of  this  transformation  was  to 
lend  support  to  the  suggested  biogenetic  scheme.  Serratinine  (13) 
was  monoacetylated  in  cold  pyridine  -  acetic  anhydride  solution. 
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The  monoacetylserr atinine  I  (42)  thus  obtained  was  oxidized  by- 
Jones'  reagent  to  dehydr omonoacetylserr atinine  I  (43).  Compound 
43  was  reduced  with  zinc  in  acetic  acid  and  yielded  acety  lanhydr  o  - 
aposerr atinine  (41)  and  acetylaposerr atinine  (44).  Compound  44 
was  transformed  into  compound  41  by  dehydration  with  phosphorus 
oxychloride  in  pyridine.  Compound  44  was  also  related  to 
O  ,0  ,N -triacetylchanodihydr oser r atinine  (45),  the  compound  obtained 
from  serr atinine  (13)  by  reduction  with  zinc  in  acetic  anhydride. 


Inubushi  and  coworkers  established  the  structure  of 
fawcettidine  by  the  synthesis  of  40.  In  the  synthesis  of  40  they 
applied  the  reduction  process  that  had  been  used  to  transform 
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serratinine  (13)  into  acetylajhhydr  oaposerr atinine  (41)  and  chose 
1  3-dehydro-8-deoxyscrratinine  (46)  as  the  starting  material  in  view 
of  the  lack  of  an  hydroxyl  group  in  f awcettidine .  In  order  to 
prepare  compound  46,  the  authors  first  converted  serratinine  (13) 
into  the  diacetyl  derivative  by  refluxing  in  pyridine  solution  with 
acetic  anhydride.  Selective  hydrolysis  was  achieved  by  refluxing 
in  aqueous  hydrochloric  acid  (10%)  to  give  monoacetylserr atinine  II 

(47)  which  on  Jones'  oxidation  gave  dehydr omonoacetylserr atinine  II 

(48) .  Raney  nickel  desulfurization  of  the  monoethylenethioketal  of 
dehydr  omonoacetylserr  atinine  II  (48)  gave  1 3  -  acetyl- 8 -deoxy - 
serratinine  (49)  ,  a  key  compound  in  the  elucidation  of  the  structures 
of  both  fawcettidine  and  fawcettimine  (vide  infra) .  Hydrolysis  of 


49,  followed  by  oxidation  with  Jones'  reagent,  furnished  13-dehydro- 
8  - de oxys  err  atinine  (46)  ,  which  on  reduction  with  zinc  in  acetic  acid 
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afforded  an  oil,  the  physical  constants  of  which  agreed  with  those  of 

47  ,  52 

fawcettidine  (40)  reported  by  Burnell  .  This  result  established 

the  structure  of  fawcettidine  except  for  the  stereochemistry  at  C-15 

and  C-4.  The  stereochemistry  of  the  methyl  group  in  fawcettidine 

25,  53 


was  assigned  the  same  configuration  as  in  lycodoline 
from  the  biosynthetic  considerations  already  discussed. 

ch3 


(14) 


The  stereochemistry  at  C-4  in  fawcettidine  (40)  can  be  either 
as  shown  in  structure  39a  or  structure  50a.  Since  this  centre  is 
adjacent  to  a  carbonyl  group  epimer ization  can  occur  and  fawcettidine  , 


which  is  not  isomerized  by  acid 
dynamically  more  stable  form. 


or  base  ,  will  exist  in  the  thermo¬ 
inspection  of  molecular  models 


clearly  shows  that  structure  50a  has  severe  non-bonded  interactions 
not  present  in  39a  and  therefore  it  is  reasonable  to  postulate  that 
39a  represents  the  structure  and  stereochemistry  of  fawcettidine. 
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With  the  appearance  of  the  paper  by  Inubushi  and 
.  18  , 

coworkers  the  structural  studies  on  fawcettidine  in  these 
laboratories  were  discontinued.  Preliminary  experiments  to 
establish  the  structure  by  oxidative  cleavage  of  the  carbon  -  carbon 
double  bond,  (39  —►  51)  ,  had  been  made  but  had  not  been  successful. 


39 


2.  (b)  The  Structure  of  Fawcettimine 

As  was  mentioned  in  Section  2(a),  structure  38  appeared, 

on  biogenetic  grounds  ,  to  be  a  reasonable  working  hypothesis  for 

the  structure  of  fawcettimine  . 

Fawcettimine  (Base  A)  was  first  isolated  in  1959  from 

47 

L.  fawcettii  Lloyd  and  Underwood  as  its  crystalline  perchlorate 

52 

and  formulated  as  C^H^NO^.  The  formula  was  later  revised 

to  Fawcettimine  showed  carbonyl  absorption  in  the 

infrared  at  1732  cm"^  as  well  as  hydroxyl  absorption  at  3585  cm-^ 

(figure  1).  Acetylation  of  fawcettimine  furnished  a  neutral  N- acetyl 

54 

derivative  which  showed  no  OH  or  NH  absorption  in  the  infrared 
spectrum  but  which  now  showed  carbonyl  absorption  at  1730,  1690 
and  1  6 1  5  (N-COCH^)  cm  (figure  2).  These  properties  of 
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WAVELENGTH  (MICRONS) 
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Figure  1 


WAVELENGTH  (MICRONS) 


fawcettimine  were  rationalized  in  terms  of  a  transannular  inter - 
55 

action  between  a  secondary  amino  group  and  a  carbonyl  group  of 
fawcettimine  as  summarized  in  part  structures  52  and  53. 
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In  solution  fawcettimine  exists  predominantly  in  form  53  ,  while  the 


N- acetyl  derivative  is  of  form  52.  The  fact  that  the  interacting 
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carbonyl  group  is  a  ketonic  carbonyl  rather  than  an  aldehydic 

carbonyl  is  indicated  by  the  lack  of  absorption  for  an  aldehydic 

proton  in  the  nuclear  magnetic  resonance  spectrum  of  N-acetyl- 

f awcettimine  .  The  nuclear  magnetic  resonance  spectrum  of 

fawcettimine  reveals  the  presence  of  a  secondary  C-methyl  group 

at  x  8 . 93  .  Lack  of  olefinic  absorption  in  the  nuclear  magnetic 

resonance  spectra  of  fawcettimine  and  N - acetylfawcettimine  and 

their  resistance  to  hydrogenation  dictates  against  the  presence  of 

an  olefinic  linkage.  The  fact  that  the  absorption  band  due  to  the 

non-interacting  carbonyl  group  in  fawcettimine  and  its  derivatives 

absorbs  at  1730-1740  cm  *  suggested  that  it  was  a  cy clopentanone 

carbonyl.  Reduction  of  N  -  acetylfawcettimine  with  either  sodium 

borohydride  or  sodium- alcohol  furnished  dihydr o-N - acetylf awcett- 
54 

imine  (55)  ,  which  shows  hydroxyl,  amide  and  carbonyl  absorption 

at  1735  cm-^.  This  indicated  that  it  retained  the  five -membered 
ketone  . 

On  the  basis  of  the  suggestion  by  Ayer  and  coworkers 

(see  Appendix  1  ,  copy  of  letter  from  Prof.  Y.  Inubushi)  Inubushi  and 

1  8 

coworkers  attempted  a  direct  correlation  between  serratinine  (13) 
and  fawcettimine.  Such  a  correlation  was  achieved  by  the  reduction 
of  1  3 -acetyl -8 -deoxy serratinine  (49)  with  zinc  in  acetic  anhydride 
to  give  N  ,0-diacetylchanodihydr o-8 -deoxy serratinine  (54)  which  on 
hydrolysis  gave  dihydro-N-acetylfawcettimine  (55). 
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The  above  result  indicates  that  fawcettimine  has  structure  38,  that 


can  exist  in  a  carbinolamine  (38)  or  an  amino-keto  (37)  form. 

Qh5 


Fawcettimine 


37 


N - acetylf aw cettimine  has  structure  56  which  on  reduction  gives 
dihydr  o-N  -  acetylf  awcettimine  ( 55) . 


Confirmation  of  our  earlier  hypothesis  that  fawcettidine 
could  be  formed  by  the  dehydration  of  fawcettimine  was  obtained  by 
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experiment.  Dehydration  of  fawcettimine  with  phosphorus  oxy¬ 
chloride  in  pyridine  solution  gave  fawcettidine  (39). 


The  mechanism  for  the  acetylation  of  fawcettimine  (38) 
is  not  known.  It  could  have  occurred  in  either  or  both  of  two  ways. 
Acetylation  of  the  amino-keto  form  37  would  lead  directly  to  N- acetyl- 
fawcettimine  (56).  Acylation  could  also  have  occurred  by 
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pyriciine>  Sn^oV'T 

Ac' 


37 


56 


electrophilic  attack  at  the  nitrogen  of  the  more  predominant  carbinol- 
amine  form  38.  Besides  being  more  nucleophilic  than  oxygen,  the 
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nitrogen  is  less  hindered  to  attack  by  the  acylating  species  57. 

2.  (c)  The  Structure  of  Alopecuridine 

Analytical  and  mass  spectral  data  indicated  the  mole¬ 
cular  formula  C^gH^-NOg  for  alopecuridine.  The  infrared  spectra 
of  this  substance  was  reminiscent  of  that  of  f awcettimine  .  The 
spectrum  of  alopecuridine  determined  in  chloroform  (figure  3)  shows 
strong  OH  absorption  at  3575  cm  ^  and  weak  absorption  at  3330  cm-'*' 
(NH?).  In  the  carbonyl  reg  ion  there  is  strong  absorption  at  1740 
cm  ^  ,  medium  intensity  absorption  at  1690  cm  ■*  and  weak  absorption 
at  1  595  cm  *.  The  nujol  mull  spectrum  of  alopecuridine,  which 
had  been  crystallized  from  acetone  ,  (figure  4)  exhibits  a  series  of 
bands  in  the  OH,  NH  region,  as  well  as  carbonyl  absorption  at 
1730  (strong)  and  1640  cm-*  (medium  intensity).  The  nujol  mull 
spectrum  of  a  sublimed  sample  of  alopecuridine  (figure  5)  shows  a 
sharp  band  at  3470  cm  *  and  a  single  carbonyl  band  at  1710  cm“*  . 
Both  of  these  crystalline  forms  exhibit  the  solution  spectrum 
mentioned  above.  The  infrared  spectra  of  the  hydroperchlorate 
and  the  hydrobromide  (Nujol)  show  a  single  carbonyl  band  at  1750 
cm  *  .  Acetylation  of  alopecuridine  yields  a  neutral  N-acetyl 
derivative,  C^gH^NO^,  which  shows  hydroxyl  absorption,  as  well 
as  carbonyl  absorption  at  about  1740,  1685  and  1620  cm'^  (both 
in  solution  and  Nujol  mull)  (figure  6).  As  in  the  case  of  fawcett- 
imine  these  results  could  best  be  interpreted  on  the  basis  of  a 
transannular  interaction  between  a  secondary  amino  group  and  a 
carbonyl  group  of  alopecuridine. 
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The  results  could  be  summarized  in  terms  of  the  part 


structures  58  and  59.  The  chloroform  spectrum  of  the  base  and 
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the  nujol  mull  spectrum  of  the  crystallized  base  represents  form 
58  or  an  equilibrium  mixture  of  58  and  59,  whereas  the  sublimed 
base  must  be  entirely  in  form  59.  The  salts  are  of  form  59  ,  but 
the  acetyl  derivative  is  of  form  58.  The  fact  that  the  non-inter¬ 
acting  carbonyl  group  absorbs  at  different  positions  (1730  cm 
in  the  crystallized  base  ,  1710  cm  ^  in  the  sublimed  base)  may  be 
due  to  varying  degrees  of  intermolecular  hydrogen-bonding  in  the 
crystal. 


The  possibility  that  one  of  the  carbonyl  groups  in  part 
structure  58  was  an  aldehyde  was  excluded  by  the  fact  that  the 
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nuclear  magnetic  resonance  spectrum  (CDCl^)  of  N-acetylalopecuri- 


dine  shows  no  absorption  below  x  6.0.  The  nuclear  magnetic 

resonance  spectrum  does  show  the  presence  of  a  secondary  C-methyl 

group  at  t  8.92  as  well  as  an  acetyl  methyl  at  t  7.91  .  It  thus 

appeared  that  alopecuridine  has  two  ketonic  carbonyl  groups. 

One  was  present  in  a  8-10  membered  ring  which  contained  a  trans- 

55 

annular  secondary  amino  group  ,  the  other  in  a  cyclopentane  ring. 

Acetylation  of  alopecuridine  hydroperchlorate  (60)  with 
acetic  anhydride  gave  the  O- acetyl  derivative  of  the  carbinolamine 
form  59.  The  mass  spectrum  of  this  O-acetyl  derivative  (61)  shows 
a  parent  peak  at  m/e  321  and  the  infrared  spectrum  shows  hydroxyl 
absorption,  a  single  carbonyl  absorption  at  1740  cm  ^  and  an  "ester 
band"  at  1240  cm~^.  Sublimation  of  this  O-acetyl  derivative  (61)  at 
185°  effected  rearrangement  to  the  N -acetylalopecuridine  previously 
obtained.  Fodor  has  reported  the  reversible  migration  of  the 
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benzoyl  group  between  amino  nitrogen  and  hydroxyl  oxygen  in  the 
nortropine  system  (62)  under  the  conditions  shown  below: 
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A  similar  rearrangement  of  the  acetyl  group  was  attempted 
by  refluxing  N - acetylalopecur idine  (part  structure  63)  in  acidic 
solution.  After  24  hours  none  of  the  O-acetyl  derivative  (61)  could 
be  detected. 

/  \  \  I 

Ac— N-  C— 0  — -V— >  N  —  C  — -  0 — Ac 

v/  /  | 

6Cj  61 

Inspection  of  the  mass  spectra  of  fawcettidine  (M  -  245) 
(figure  7a)  and  fawcettimine  (M  F  =  263)  (figure  7b)  shows  that  all  the 
intense  peaks  of  the  fawcettidine  spectrum  at  m/e  (rel  intensity) 
245(100)  ,  230(53)  and  176(51)  are  present  in  the  spectrum  of 
fawcettimine.  This  indicates  that  fawcettidine  is  being  formed  in 
the  mass  spectrometer  by  the  dehydration  of  fawcettimine.  In 
addition  to  the  peaks  at  m/e  (rel  intensity)  245(74),  230(70)  and 
175(88),  the  mass  spectrum  of  fawcettimine  shows  peaks  at  m/e 
(rel  intensity)  233(24),  220(18),  165(62),  1  50(100),  123(94)  and  97(50). 
All  of  these  latter  peaks  are  present  in  the  mass  spectrum  of 
alopecur idine  (figure  7c).  Besides  the  peaks  at  m/e  (rel  intensity) 
233(26),  220  (21),  165(71),  150(100),  123(97)  and  97(47),  the  mass 
spectrum  of  alope  cur  idine  is  devoid  of  intense  peaks.  Alopecuri- 
dine  contains  one  oxygen  more  than  fawcettimine  and  the  similarity 
of  their  infrared  and  mass  spectra  suggests  that  alope curidine  is 
an  hydroxylated  fawcettimine.  This  was  confirmed  by  reduction  of 
alopecur  idine  with  calcium  in  liquid  ammonia  to  give  a  mixture  of 
fawcettimine  (38)  and  dihydr of awcettimine  (64). 
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Figure  7  Mass  spectrum  of  (a)  f awcettidine 

(b)  fawcettimine 

(c)  alopecuridine 
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The  identity  of  the  fawcettimine  was  established  as 

follows.  The  mixture  of  fawcettimine  and  dihydr of awcettimine 

formed  in  the  reduction  formed  mixed  crystals  ,  mp  160-162°,  of 

the  two  compounds.  The  melting  point  and  composition  on  thin- 

layer  chromatography  of  these  crystals  remained  unchanged  on 

recrystallization  from  acetone.  The  mother  liquor  did  not 

crystallize  and  showed  one  main  spot  on  thin -layer  chromatography 

with  the  same  R.£  as  fawcettimine.  The  infrared  spectrum  of  this 

oil  was  very  similar  to  the  spectrum  of  fawcettimine.  When 

treated  with  perchloric  acid  in  acetone  solution,  this  oil  gave 

o 

crystals,  mp  223-225  ,  unchanged  on  admixture  with  fawcettimine 

hydroperchlorate.  The  infrared  spectrum  of  this  salt  w'as  identical 

with  the  spectrum  of  fawcettimine  hydroperchlorate. 

The  fawcettimine  and  dihydrof awcettimine  of  the  mixed 

crystals  were  separated  as  their  acetyl  derivatives.  The  N-acetyl- 

fawcettimine  (56),  thus  obtained,  was  identical  with  an  authentic 

o 

sample.  The  other  component  melted  at  192-194  and  was  different 

from  O  ,N-diacetylchanodihydr o-8-deoxyserr atinine  (54),  mp  181- 

18 

183  ,  reported  by  Inubushi  and  coworkers 


It  was  assigned 
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molecular  weight  349.2253  ,  found  by  mass  spectrometry  349.22  56)  , 
that  could  be  derived  from  alope cur idine  and  that  was  consistent  with 
the  infrared  spectrum,  (Nujol)  1735,  1695,  and  1640  cm 

In  order  for  the  elimination  of  the  hydroxyl  group 
adjacent  to  the  carbonyl  to  have  occurred  during  the  calcium -liqui  d 
ammonia  reduction  of  alopecuridine  it  is  necessary  that  the  alpha  sub¬ 
stituent  occupies  a  conformation  perpendicular  to  the  plane  of  the 
carbonyl  group,  as  shown  in  structure  66. 


66 

This  conformation  allows  a  minimum  expenditure  of 
energy  for  the  elimination,  since  breaking  the  carbon-substituent 
bond  is  accompanied  by  a  continuous  overlap  of  the  developing  p 

orbital  at  the  alpha  carbon  atom  with  the  pi-orbital  system  of  the 

57 

ion  radical 


Assuming  no  skeletal-rearrangement  has  occured  during 
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the  calcium  -  liquid  ammonia  reduction  of  alopecuridine,  it  has  been 

established  that  alopecuridine  is  indeed  an  hydroxylated  fawcettimine 

and  further  that  the  hydroxyl  group  is  adjacent  to  one  of  the  two 

58 

carbonyl  groups  .  There  are  thus  three  possible  structures  for 
alopecuridine  ,  67  ,  68  or  69  ,  neglecting  for  the  moment  ,  the 


CH3 


CHa 


OH 


carbinolamine  form  of  each  structure. 

The  structures  67  and  68  both  have  a  secondary  hydroxyl 
group.  The  chemical  properties  of  alopecuridine  are  irreconcilable 
with  such  a  feature.  Attempts  to  acetylate  the  hydroxyl  group 
with  acetic  anhydride  in  pyridine  solution  at  95°  for  24  hours  were 
unsuccessful.  The  only  product  was  N-acetylalopecuridine  . 
Attempted  Jones'  oxidation  of  N - acetylalope cur idine  (70)  gave  back 
starting  material.  No  reaction  was  observed  with  selenium  dioxide 
in  refluxing  dioxane . 
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This  general  lack  of  reactivity  of  alope cur idine  would  be 
more  consistent  with  structure  69  which  contains  a  tertiary  hydroxyl 
group  at  C-4.  However,  various  attempts  made  to  confirm  this 
structure  were  inconclusive  and  the  final  proof  is  yet  to  be  made. 
Experiments  which  met  with  limited  success  will  now  be  discussed. 

Examination  of  the  infrared  spectra  of  sublimed  alo- 
pecuridine,  alopecuridine  hydrobromide  ,  and  alope curidine  hydro¬ 
perchlorate  revealed  absorptions  in  the  1400-1420  cm  *  region. 

These  could  have  been  bending  frequencies  of  a  methylene  group 
adjacent  to  a  carbonyl.  Since  each  of  these  compounds  exists 
entirely  in  the  carbinolamine  form  this  would  suggest  that  they  have 
a  methylene  group  at  C-6.  Confirmation  of  this  would  be  obtained 
if  these  two  protons  could  be  exchanged  for  deuterium.  No  exchange 
could  be  detected  (mass  spectrometry)  either  under  acidic  or  basic 
conditions.  An  attempt  was  also  made  to  prepare  the  benzylidene 
derivative  of  alopecuridine.  This  experiment  met  with  failure. 

Attempted  dehydration  of  N -acetylalopecuridine  (70) 
with  various  reagents  gave,  usually  in  poor  yield,  either  starting 
material  or  intractable  mixtures.  Dehydration  of  N-acetylalo- 
pecuridine  (70)  with  thionyl  chloride  gave  a  mixture  of  six  products 
(tic) .  This  mixture  was  hydrogenated  over  platinum  and  then 
examined  by  thin-layer  chromatography.  One  of  the  components  had 
the  same  as  N - acetylf aw cettimine  but  no  separation  could  be 
achieved.  Two  different  solvent  systems  were  used  to  measure  the 
R^  values  . 


■ 


- 


' 


■ 


. 


»  ■  .< 


45 


From  the  results  obtained  on  dehydration  of  fawcettimine 
(38)  a  compound  with  structure  71  ( carbinolamine  form  of  69)  would 
be  expected  to  dehydrate  to  give  a  compound  with  structure  72. 
Dehydration  of  alope cur idine  with  pyridine -phenylphosphonic 

ch3 

\ 


71 

dichloride  gave  two  products  with  similar  values.  They  could 

not  be  separated  by  chromatography  over  alumina.  Partial 

o 

separation  was  achieved  by  glpc  at  220  .  Only  half  of  the  material 
(20  mg)  was  recovered  from  the  glpc  column.  This  low  yield 
prevented  the  recycling  of  the  partially  purified  compound.  The  ir  , 
nmr  and  mass  spectral  results  obtained  on  this  impure  compound, 
did  not  prove  very  informative. 

The  nuclear  magnetic  resonance  spectrum  of  N-acetyl- 
alopecuridine  in  dimethyl-d^  sulfoxide  shows  a  doublet  at  t4.75 
(J  =  5  cps)  which  disappears  on  the  addition  of  D2O  (the  intensity  of 
the  spectrum  is  reduced  on  addition  of  D^O).  According  to  Chapman 
and  King  this  signal  can  be  assigned  to  the  hydroxyl  proton  of  a 
secondary  hydroxyl  group  which  has  been  moved  downfield  by  strong 
hycbcagen  bonding  to  the  solvent.  The  reduced  rate  of  proton 
exchange  in  dimethyl-d^  sulfoxide  permits  observation  of  the 
hydroxyl  proton  splitting"^’ 
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Until  more  alopecuridine  becomes  available,  for  further 
investigation  of  the  position  and  stereochemistry  of  the  hydroxyl 
group,  structure  69  is  tentatively  proposed  for  alopecuridine. 

The  mass  spectra  of  fawcettimine  (37)  and  alopecuridine 
(69)  appear  to  be  complicated  by  the  fact  that  each  alkaloid  can  exist 
in  two  forms  (37  =^  38,  69  ^  71)  and  the  carbinolamine  form  of 
each  (38,  71)  dehydrates  in  the  heated  inlet.  This  gives  mass 
spectra  that  are  not  amenable  to  simple  rationalization. 

The  mass  spectra  of  N- acetylf awcettimine  (56)  and 
N - acetylalopecur idine  (70)  are  shown  in  figure  8.  A  rationalization 
of  the  fragmentation  of  each  of  these  compounds  on  electron  impact 


is  shown  in  scheme  VI. 
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Figure  8 


Mass  spectrum  of  (a) 


N -acetylfawcettimine 


(b)  N  -  acet  ylalope  curidine 
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Scheme  VI 


R  =  H, 
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3.  The  Structure  of  Alolycopine 

An  oily  component  of  L.  Alopecur oides  that  shows  an 
absorption  in  the  infrared  at  1640  cm  ^  was  first  detected  in  1965. 
Hydrobromide,  hydrochloride  and  hydroperchlorate  salts  were 
prepared  but  none  of  these  could  be  induced  to  crystallize.  Acetyl¬ 
ation  of. the  oily  base,  however,  produces  a  crystalline  O-acetyl- 
alolycopine  ,  C^gH^gNCH  ,  that  displays  characteristic  bands  in  the 
infrared  spectrum  at  1740  (acetyl  carbonyl),  1715  (carbonyl),  1665 
(double  bond)  ,  1640  (double  bond)  ,  1410  (  methylene  adjacent  to 
carbonyl),  and  1235  (ester  C-O-C)  cm  (figure  9).  The  presence 
of  an  a  ,  3 -uns atur ated  ketone  in  the  molecule  is  indicated  by  the 
strong  absorption  in  the  ultraviolet  spectrum  at  237  mp.  At  the 
time  this  chromophore  was  thought  to  account  for  the  bands  in  the 
infrared  at  1715  ( cyclopentenone  carbonyl)  and  1640  cm  The 

nuclear  magnetic  resonance  spectrum  of  O - acetylalolycopine 
(figure  10)  shows  two  olefinic  protons  at  t  3  .  1 8  and  t  4.54.  The 
low-field  proton,  which  shows  a  medium  and  a  small  spin-spin 
coupling,  was  assigned  to  the  3  -proton  of  the  a,  3  -unsaturated 
ketone  system  as  shown  in  part  structures  73  and  74.  The  other 
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Figure  9 
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H  0  -  C  —  H  I 

I  II  I  I 

—  C - C  —  C  =  C - C  — 

I  I  I 

H  H  H 

(T3.I8) 

74 

olefinic  proton,  a  sharp  doublet,  was  spin  decoupled  by  double 
irradiation  at  x7.3.  Double  irradiation  at  t  7.3  also  spin 

decoupled  the  methyl  doublet  at  x  9.03  and  removed  one  of  the 

spin-spin  couplings  from  the  proton  at  t  5.46  (quartet, 

I 

-CH-O-COCH^) .  This  led  to  the  part  structure  75  for  O-acetyl- 
alolycopine  (the  chemical  shift  of  each  proton  is  shown  in  brackets). 

.  COCH,  U8.02) 

(r9.03)  |  3 


H  H  H  H 
(14.54)  (z5.46) 

(t7.3) 

75 

Incorporation  of  the  part  structures  73  and  7  5  into  the 
cyclopentanone  skeleton  76  ,  common  to  fawcettidine  (40)  ,  fawcettimine 
(37)  and  alopecuridine  (69),  produced  the  tentative  structure  77  for 
O-acetylalolycopine .  Structure  74  could  not  be  incorporated  into 
structure  76  without  major  changes.  Structure  77  accounts  for  all 
the  properties  of  O-acetylalolycopine  and  was  confirmed  by 
correlation  with  acetylanhydroaposerr atinine  (41)  a  compound 
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g 

synthesized  from  serratinine  (13)  by  Inubushi  and  coworkers 
Hydrogenation  of  O - acetylalolycopine  in  methanol 
solution  over  palladium  On  powdered  charcoal  (5%)  furnished 
dihydro-O  -  acetylalolycopine  ,  purified  by  chromatography  over 
alumina.  Further  purification  was  achieved  by  molecular  distil¬ 
lation.  Recrystallization  of  the  distillate  from  ether  gave  crystals, 
mp  144-146°,  undepressed  on  admixture  with  acetylanhydr  oapo  - 
serratinine  (41).  The  infrared  spectra  of  dihydro-O-acetylalo- 
lycopine  and  acetylanhydr oaposerr atinine  are  identical.  This 
unequivocally  establishes  structure  78  (r78a)  for  alolycopine. 


78 


0 


Examination  of  molecular  models  of  alolycopine  shows 
that  the  two  sides  of  the  double  bond  of  the  a  ,  g  -unsaturated 
system  are  more  or  less  equally  hindered  to  approach  of  the  catalyst. 
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It  therefore  seems  unwise  to  assign  the  stereochemistry  at  C-4  of 
acetylanhydr oaposer r atinine  (41)  on  the  basis  of  the  hydrogenation 
experiment . 

Crystalline  alolycopine  (78)  was  obtained  by  the  hydrolysis 
of  O  -  acetylalolycopine  (77).  Re  crystallization  from  ether  furnished 
a  pure  sample,  mp  53-56°.  The  infrared  spectrum  of  alolycopine 
is  shown  in  figure  11.  Acetylation  of  alolycopine  (78)  gave  the 
O  -  acetylalolycopine  (77)  previously  described. 

4.  The  Structure  of  Alopecurine 

Alopecurine  ,  a  unique  lycopodium  alkaloid,  was  first 
isolated  in  these  laboratories  by  chromatographic  separation  of 
crude  basic  extracts  of  L.  alopecur oides  LA.  Preliminary 
investigations*,  which  included  a  detailed  study  of  the  spectral 
characteristics  as  well  as  some  simple  chemical  transformations 
led  to  the  following  part  structure  for  alopecurine: 


V 

h77Ln' 


PhCOO-j 


H 


H  \ 


CH 


CH- 

I 

OH 


CH 


or 


I 

C— •  CH— CM2-~  CH 

I  ! 


OH 


\ 


CH  —  CH 


3 


pantacyelie 

or 

unsaturafad 

and 

tetracyclic 


*  S  .  V alverde  -Lopez  ,  Ph .  D  .  Thesis  ,  U  .  of  A  .  ,  1966. 
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Because  of  the  very  small  supply  of  alopecurine  the 
further  investigations  described  here  were  limited  to  a  few  reactions 
which  yielded  little  new  information  about  the  gross  structure.  It 
did,  however  ,  appear  that  we  were  dealing  with  a  new  type  of 
alkaloid,  since  it  was  impossible  to  rationalize  the  results  in  terms 
of  any  of  the  known  skeletons.  In  view  of  this  we  set  out  to  prepare 
a  heavy  atom  derivative  for  X-ray  diffraction  studies.  The  physical 
and  chemical  properties  of  alopecurine  will  be  discussed  in  light 
of  the  structure  of  alopecurine  as  determined  by  X-ray  analysis*. 

Four  heavy  atom  derivatives  of  alopecurine  were 
prepared.  The  hydrobromide  was  prepared  in  methanol  and  recry¬ 
stallized  from  methanol- acetone  .  Preliminary  studies  indicated 

o 

that  these  crystals  were  tetragonal,  with  a  -  b  -  9.75  A  and  c  = 
o  o  2 

45. 1  A  (cell  volume  4280  A  ).  The  very  large  unit  cell  together 
with  the  unfavorable  nature  of  the  tetragonal  crystal  for  X-ray 
analysis  lead  to  the  rejection  of  this  heavy  atom  derivative  of 
alopecurine. 

Likewise  the  hydrochloride  was  prepared  in  methanol 
with  anhydrous  hydrogen  chloride  and  re  cry  stallized  from  acetone. 
Preliminary  studies  indicated  that  it  too  was  tetragonal,  with 

O  O  O  "2 

a  r  b  r  9 . 54  A  and  c  ~  46.0  A  (cell  volume  4180  A  )  and  it  was 
rejected  for  the  same  reasons  as  above. 

Alopecurine  methobromide  was  prepared  from  the 


*  Work  done  by  Dr.  N.  Masaki,  Research  Associate,  U.  of  A .  ,  1968. 
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methiodide  which  in  turn  was  prepared  by  refluxing  alopecurine  with 
methyl  iodide  in  methanol  solution  for  three  hours.  An  aqueous 
solution  of  alopecurine  methiodide  was  washed  through  a  column  of 
Dowex  2-X8  anion  exchange  resin  charged  with  bromide  ions. 
Evaporation  of  the  water  gave  crystals  of  alopecurine  methobromide 
which  were  repeatedly  recrystallized  from  methanol- acetone  until 
large  crystals  were  obtained.  These  crystals  were  monoclinic, 
space  group  P2 j  ,  with  a  =  10.96,  b  =  10.42  and  c  -  9.49  A,  3  =  90° 
(cell  volume  1 1  1  5  A  ) .  The  calculated  density  of  1.435  g/ cm^ 
indicated  two  molecules  per  unit  cell.  Because  of  the  difficulties 
of  applying  the  heavy  atom  method  to  the  P2^  space  group  these 
crystals  were  not  considered  ideal  and  our  attention  was  directed 
towards  the  preparation  of  heavy  atom  derivatives  of  debenzoyl- 
alopecurine.  Debenzoylalope cur ine  was  isolated  from  the  plant 
and  can  easily  be  prepared  from  alopecurine  by  alkaline  hydrolysis. 
Debenzoylalope curine  hydrobromide  crystallized  from  methanol- 
acetone  in  the  orthorhombic  system,  space  group  ’PZ-^2^2^  ,  with 
four  molecules  of  C ^  ^BrNC^  in  a  cell  of  dimensions  a  =  7.35, 
b  =  28.05  and  c  =  7.05  A  (cell  volume  1450  A^). 

The  X-ray  reflections  were  recorded  on  equiinclination 

Weissenberg  photographs  taken  along  the  a  and  c  crystallographic 

axes  with  Cu  K  radiation.  The  structure  of  debenzoylalopecurine 

a 

hydrobromide  (79a)  was  solved  by  the  heavy-atom  method  and 
refined  by  the  full-matrix  least-squares  method  to  an  R -factor  of 
11.9%.  Anomalous  dispersion  calculations  allowed  the  absolute 


«■  ■ 


i-fiv 


' 

- 

\ 

- 

'  I 

I 


. 

•  ..  -  U  t  >  l  > 


i 

. 

.  , 

.  L"  .  > 

V  ;  r. 


‘ 


. 


56 


configuration  shown  in  structure  79a  to  be  determined. 


OH 


The  X-ray  analysis  reveals  that  debenzoylalopecur ine 
hydrobromide  does  possess  anew  carbon  skeleton,  although  as 
shown  in  79  this  simply  represents  an  additional  bond  (between  C-4 
and  C-10)  in  the  ly copodine -type  skeleton. 

The  X-ray  analysis  also  reveals  that  in  the  crystal  of 
debenzoylalopecurine  hydrobromide  (79a)  ring  C  is  in  the  boat 
conformation.  The  data  on  alopecurine  itself  obtained  previous  to 
this  investigation  are  in  accord  with  a  structure  in  which  the  benzoate 
group  is  attached  to  the  "boat-equatorial"  hydroxyl  group  of  debenzoyl¬ 
alopecurine  ,  and  reveals  that  ring  C  is  in  the  boat  conformation 
(80a)  in  solution  as  well  as  in  the  crystal. 
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The  presence  of  a  benzoyloxy  group  in  alopecurine  (80) 
was  indie  ated  by  the.  ultr  aviolet,  infrared,  nmr  and  mass  spectra  in 
addition  to  the  fact  that  benzoic  acid  was  isolated  from  the  alkaline 
hydrolysis  of  alopecurine.  Thus,  the  ultraviolet  spectrum  showed 
typical  benzoate  absorption  ^  at  230,  272  and  280  m  p;  the  infrared 

spectrum  of  alopecurine  (Nujol)  exhibited  bands  at  1705,  1595,  1580, 

1  G  2 

1270  and  1110  cm"  characteristic  of  benzoates  ;  the  mass 

spectrum  (molecular  weight  367)  showed  strong  peaks  at  m/e  245 

(loss  of  benzoic  acid)  and  at  m/e  122,  105  and  77  due  to  the  benzoate 
6  3 

portion  ,  while  the  nmr  showed  absorption  in  the  aromatic  region. 

The  environment  and  conformation  of  the  benzoyloxy 
group  is  clearly  defined  by  the  nmr  spectrum  of  alopecurine  (80a) 
(figure  12). 


m  ,  W  77  =  1  5  cps)  is  spin-spin  coupled  to  four  protons  ,  H(b)  ,  H(c)  , 
H(d)  and  H(e)  ( =  7.5,  Jac  =  3.5,  Ja<^  =  10.0,  J ae  =  6  cps) . 
Double  irradiation  at  T4.15  removed  all  these  couplings  and  each 
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of  these  four  protons  now  appeared  as  a  doublet  (Jpc  =  15.5, 

Jcje  =  15  cps).  The  proton  H(a)  must  exist  in  the  axial  configuration 
to  account  for  the  two  large  couplings  ^  (Jab  =  7.5  and  Jacj  =10  cps) 
present  in  the  quartet  signals  of  H(b)  and  H(d).  Analogous  experi¬ 
ments  carried  out  with  the  O- acetyl  derivative  of  alopecurine 
confirmed  these  results.  The  benzoyloxy  group  must  therefore 
occupy  the  equatorial  configuration. 

Another  one  proton  signal  in  the  nmr  spectrum  of 

alopecurine  at  x6.0  (d,-J  =  8  cps)  is  assigned  to  the  equatorial 

6  5 

proton  geminal  to  the  hydroxyl  group  .  This  signal  shifts  down- 
field  (  t  4.  8)  upon  formation  of  the  O-acetyl  derivative  and  disappears 
from  the  spectrum  of  dehydr oalopecurine  (81a)  obtained  by  Jones' 
oxidation  of  alopecurine  (80a). 


The  nmr  spectrum  of  dehydr oalope curine  (81a)  retains 
the  signals  due  to  protons  H(a)  ,  H(b)  ,  H(c)  ,  H(d)  and  H(e)  present 
in  alopecurine  (80a).  Sodium  borohydride  reduction  of  dehydro- 
alopecurine  (81a)  produced  alopecurine  in  good  yield.  The  nmr 
spectrum  of  the  anhydro  compound  82a  shows  two  olefinic  protons 
at  x  4.5  (1H,  d,  J  =  9  cps)  and  4.65  (1H,  q,  J  =  9  and  2  cps) 
indicating  the  following  part  structure: 
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This  result  is  consistent  with  the  environment  of  the 
secondary  axial  hydroxyl  group  in  alopecurine  (80a)  which  could  be 
expected  to  readily  dehydrate  ^  presence  of  thionyl  chloride 

and  benzene  to  give  anhydr oalopecurine  (82a). 

A  small  amount  of  anhydroalopecur ine  (82a)  was 
hydrolyzed  with  aqueous  potassium  hydroxide  in  methanol  solution 
and  yielded  an  homogenous  (as  determined  by  tic)  oil  that  did  not 
crystallize.  The  infrared  spectrum  showed  the  absence  of  benzoate 
absorptions  and  the  presence  of  hydroxyl  absorption  (3600  cm  ^). 
Jones'  oxidation  of  this  anhydr odebenzoylalopecurine  (83a)  gave 
another  tic  homogenous  oil  (1  mg)  that  did  not  crystallize.  The 
infrared  spectrum  showed  a  carbonyl  absorption  at  1710  cm  ^  which 
is  in  agreement  with  structure  (84a).  However,  further  character¬ 
ization  of  compounds  83a  and  84a  were  not  carried  out  due  to  the  lack 
of  m  ater  ial . 


Hydrolysis  of  dehydr oalopecurine  (81a)  with  aqueous 
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potassium  hydroxide  in  dioxane  solution  gave  debenzoyldehydro- 

alopecurine  (S5a)  ,  a  crystalline  solid  with  carbonyl  absorption 

(Nujol)  at  1690  cm  ^  .  This  compound  also  shows  a  weak  maximum 

at  225  m[i  (  e  1670)  which  is  reduced  by  half  on  acidification . 

That  part  of  the  absorption  which  disappears  on  protonation  of  the 

f)  7 

nitrogen  must  be  due  to  a  a  coupled  tt  interaction  between  the 
carbonyl  it  electrons  and  the  lone  pair  on  nitrogen. 

Jones'  oxidation  of  debenzoyldehydr oalopecurine  (85a) 


gave  a  diketone  86a  which  was  the  same  diketone  formed  in  the 
oxidation  of  debenzoylalope cur ine  (87a). 


85  a  8  6a  87a 

The  infrared  spectrum  of  this  diketone  86a  is  in  complete 
agreement  with  its  structure,  the  carbonyl  at  C-2  absorbs  at  1720 
cm  ^  and  the  other  at  C-5  absorbs  at  1690  cm  ^  .  The  latter  value 
is  the  same  as  in  debenzoyldehydroalopecurine  (85a)  and  lycopodine 
(2).  Also  present  in  the  infrared  of  this  diketone  86a  are  bands  at 
1430,  1410  and  1400  cm  ^  which  can  be  attributed  to  the  three  pairs 
of  methylene  protons  adjacent  to  the  two  carbonyl  groups. 

Acetylation  of  debenzoyldehydroalopecurine  (85a)  in 
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pyridine  solution  with  acetic  anhydride  gave  the  O- acetyl  derivative 
88a.  This  was  identical  with  the  product  formed  on  oxidation  of 
acetyldebenzoylalope  cur  ine  (89a) . 


o 


Acetyldebenzoylalope  cur  ine  (89a),  mp  238-240  is  a 
naturally  occuring  alkaloid  which  was  isolated  from  L.  alopecuroides 
L.  The  above  experiment  serves  to  establish  the  entire  structure 
of  89a  except  for  the  stereochemistry  of  the  hydroxyl  group  at  C-5. 
This  hydroxyl  was  shown  to  be  axial,  the  same  as  in  alopecurine 
(80a)  by  alkaline  hydrolysis  of  89a.  The  product  obtained  was 
identical  in  every  respect  with  debenzoylalopecur ine  (87a). 


The  nmr  spectrum  of  acetyldebenzoylalope  cur  ine  (89a) 
(figure  13)  has  been  analyzed  and  found  to  correspond  very  closely 
to  that  of  alopecurine  (80a)  (figure  12).  The  chemical  shifts  of  the 
geminal  proton  and  the  four  vicinal  protons  to  the  acetoxy  group  are 
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all  at  slightly  higher  field  than  in  alopecurine  ,  while  all  the  coupling 
constants  remain  unchanged.  The  only  inexplicable  chemical 
shift  is  that  of  H(d)  at  t  6.9  in  alopecurine  (80a)  and  ^7.0  in 
acetyldebenzoylalope cur ine  (89a).  There  is  at  present  no  simple 
way  of  explaining  the  unusually  low  value  of  this  chemical  shift. 


Figure  13 
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EXPERIMENTAL 

GENERAL 

Nuclear  magnetic  resonance  (nmr)  spectra  were 
measured  on  a  Varian  Associates  model  A-60  or  HR-100  spectro¬ 
meter  .  Double  resonance  experiments  were  performed  with  the 
latter  instrument.  Tetr amethylsilane  was  used  as  an  internal 
standard  unless  otherwise  stated.  The  multiplicity  of  the  signals 
are  described  as  s  =  singlet;  d  =  doublet;  t  =  triplet;  q  =  quartet; 
m  =  multiplet. 

Infrared  (ir)  spectra  were  recorded  on  a  Perkin-Elmer 
model  421  dual  grating  or  a  Perkin-Elmer  model  337  grating 
infrared  spectrophotometer. 

Optical  rotatory  dispersion  (ORD)  ,  circular  dichroism 
(CD)  and  most  of  the  ultraviolet  (uv)  spectra  were  recorded  on  a 
Durrum-Jasco  Recording  Spectr opolarimeter  ,  Model  5.  Most  of 
the  spectra  were  recorded  in  methanol  solution  in  1  cm,  5  mm  and 
1  mm  cells.  The  concentrations  used  for  the  ORD  and  CD  measure¬ 
ments  were  about  0.01  M.  Some  of  the  ultraviolet  spectra  were 
also  measured  on  a  Perkin-Elmer  model  202  spectrophotometer. 

Mass  spectra  were  recorded  on  an  A.E.I.  model  MS-2H 
or  an  A.E.I.  model  MS-9  mass  spectrometer  and  were  recorded  as 
a  percentage  of  the  most  intense  peak  (base  peak).  Unless  other¬ 
wise  stated,  the  spectra  were  determined  at  70  eV  at  a  temperature 
between  180-200°. 
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Melting  points  were  determined  on  a  Leitz  Wetzlar 
hot- stage  melting  point  apparatus  and  are  uncorrected. 

Microanalyses  were  performed  by  C.  Daessle,  Montreal. 
Basic  alumina  refers  to  Fisher  Adsorption  Alumina  or 
British  Drug  Houses  (BDH)  Alumina  of  activity  III-IV  (Brockmann 
scale).  Neutral  alumina  refers  to  Woelm  neutral  alumina  of 
activity  I . 

Thin-layer  chromatograms  were  carried  out  on  0.25  mm 

layers  of  Alumina  G  (Research  Specialties  Co.  ,  Richmond, 

California)  and  developed  in  an  iodine  chamber  or  with  Dr agendorff 1  s 

6  8 

reagent  .  The  mixed  solvent  systems  used  were  benzene -ether 
(1:1);  ethyl  acetate -methanol  (24:1)  and  chloroform -methanol  (49:1) 
unless  otherwise  stated. 

Gas  chromatographic  separations  were  carried  out  on  a 
Yarian  Aerograph  A-90-P3  using  a  QF-1  (5  ft)  column  at  190  .  The 
flow -rate  was  60  ml  per  min  and  the  retention  times  were  between 


1  and  10  minutes. 
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EXPERIMENT  A  L 

PART  I 


Plant  Collection 

The  material  used  was  collected  by  Drs.  R.  K.  Godfrey 
and  S.  McDaniel  in  pine  flatwoods  near  Tallahassee  ,  Florida, 
during  September,  1964,  and  a  voucher  specimen  (No.  5255)  is  on 
file  in  the  Florida  State  University  Herbarium. 

Separation  of  the  Alkaloids 

The  crude  alkaloids  (4.5  g)  were  placed  on  a  column  of 
basic  alumina  (150  g)  and  eluted  in  14  fractions  as  shown  in  table  II. 

Fractions  1  and  2  contained  non-basic  material  and  were 
not  further  investigated. 

Fraction  3  showed  three  spots  on  tic,  R^  0.98,  0.90  and 

0.5  (benzene -ether) .  Fraction  3  was  combined  with  similar  material 

from  another  chromatogram  (total,  0.5  g)  ,  dissolved  in  benzene 

(5  ml)  and  applied  to  the  top  of  a  dry-packed  neutral  alumina  (250  g) 

43 

column  .  The  chromatogram  was  developed  with  ether  (200  ml), 
the  column  extruded  and  the  components  located  by  tic  analysis  of 
appropriate  aliquots  eluted  from  the  alumina  with  methanol. 

The  component  of  R^  0.9  was  obtained  as  a  yellow  oil 
(0. 1  g)  which  slowly  turned  dark  on  exposure  to  air.  The  mass 
spectrum  was  almost  identical  with  that  of  anhydroly codoline  (25). 
This  material  was  dissolved  in  dry  ether  and  converted  to  the 
hydrochloride  by  the  addition  of  anhydrous  hydrogen  chloride  gas. 
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Table’ll 


Eluent 


benzene 

benzene 

benzene 

benzene 

benzene -ether  (4:1) 

benzene -ether  (1:1) 

ether 

ether 

ether 

chlor  oform 

chloroform -methanol  (99:1) 
chlor  of orm -methanol  (49:1) 
chlor oform -methanol  (24:1) 
chloroform-methanol  (  9:1) 


V  olume 

(ml) 

Weight  of 

fraction  (g) 

150 

0.02 

150 

0.06 

150 

0.16 

150 

0.  15 

150 

0.16 

150 

0,23 

150 

0,10 

150 

0.30 

150 

0.13 

450 

0.31 

200 

0.25 

200 

1.06 

200 

0.91 

300 

0.29  ' 

Total  weight  recovered:  4.13  g 

(92%) 
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Recrystallization  from  methanol- acetone  afforded  white  crystals  of 
anhydr  oly  codoline  hydrochloride,  mp  274-276  (dec) ,  Identity  was 
established  by  comparison  of  the  infrared  spectrum  of  the  salt  with 
that  of  an  authentic  sample  and  by  mixed  melting  point  determination. 

The  component  of  0. 5  was  isolated  in  pure  form(0.2  g) 
and  shown  to  be  identical  with  lycopodine  (2)  in  every  respect. 

The  component  of  R£  0.98  was  obtained  as  the  middle 
peak  in  the  glpc  of  fraction  3  (retention  time  5  minutes);  ir  (CC14) 
1740,  1660,  1415,  and  855  cm  ;  nmr  (CDClg)  x4„l  (1H,  d, 

J  :  5cps),  6.85  (5H,m),  7 . 1 1  ( 1H  ,  d  ,  J  =  8  cps)  ,  7.28  (lH,d, 

J  r  8  cps),  and  8.86  (3H  ,  d  ,  J  -  7  cps);  nmr  (CD^COOD)  x3.37 
(1H,  d,  J  =  5  cps),  6.48  (5H,  m)  ,  7.06  (1H,  d,  J  r  7.5  cps,  no 

change  after  24  hr  s)  ,  7 . 23  (1H  ,  d  ,  J  =  7 . 5  cps  ,  no  change  after 

24  hrs)  ,  and  8.91  (3H,  d,  J  =  6  cps);  mass  spectrum  m/e  160 
(14,  CnH14N),  176  (51  ,  C12HlgN),  202  (12,  C14H20N  and  C13Hl6NO), 
216  (6,  C^HggN  and  C^H^gNO),  230  (53),  and  245  (100,  molecular 
ion).  It  was  treated  with  an  ethereal  solution  of  picric  acid  and 
afforded  a  crystalline  picrate  (2  mg)  mp  220-222°,  unchanged  on 
admixture  with  fawcettidine  picrate.  The  infrared  spectra  of  these 
two  picrates  were  indistinguishable;  ir  (Nujol)  1740,  1640,  and 
1620  cm"  1 . 

Fractions  4,5,  and  6  contained  mainly  lycopodine. 

Fraction  7  contained  five  components  (tic)  none  of  which  could  be 
isolated  in  pure  form. 

Fraction  8  showed  three  spots  on  tic,  R£  0.98,  0.90  and 
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0.82  (chloroform-methanol),  of  which  the  first  was  probably 

lycopodine.  The  material  was  dissolved  in  hot  acetone  and  allowed 

to  cool.  Colorless  crystals  of  alopecurine  (80)  (0.10  g)  separated 

which,  after  re  cry  stallization  from  acetone,  melted  at  244-245 

(Rf  0 . 90) .  AnaL  Calcd  for  C23H29N03:  C,  76.17;  H,7.95;  N, 

3.81%.  Found:  C,  75.52;  H,  7.94;  N,  3.67%.  Mass  spectrum 

m/e  77(50)  ,  105  (100)  ,  122  (19)  ,  151  (19),  178  (26)  ,  204  (25)  , 

219  (38),  230  (21),  245  (59),  246  (30),  262  (55),  352  (22), and  367  (26, 

molecular  ion);  ir  (Nujol.)  3100  ,  1705  ,  1595  ,  1580  ,  1270  ,  and  11 10 

cm"1;  ir  (CFIC13)  3630,  1  710,  1605,  1588,  1230,  and  1120  cm"1; 

nmr  (CDC13)  t  4.15  (1H,  m,  Wj/2  =  15  cps)  ,  6.0  (1H,  d,  J  =  8  cps)  , 

6.25  ( 1H  ,  q,  J^c  =  15.5  and  =  7.5  cps),  6.93  (1H,  q,  Jde  =  15 

and  Jad  =  10  cps),  7.28  (1H,  q,  Jbc  =  15.5  and  Jac  =  5  cps),  8.43 

(1H  ,  q  ,  =  15  and  Jae  =  6  cps)  ,  and  9 . 05  (3H  ,  d  ,  J  =  6  cps) . 

Concentration  of  the  acetone  mother  liquors  obtained  from  fraction  8 

o 

yielded  crystalline  lycodoline  (14),  mp  179-180  ,  identical  (tic  behav¬ 
iour,  ir  spectrum  and  mixed  mp)  with  an  authentic  sample. 

The  evaporation  of  the  solvent  from  fraction  9  furnished 

crystals  of  acetyldebenzoylalope cur ine  (89a)  which  after  recrystal- 

o 

lization  from  acetone  melted  at  238-240  .  Calcd  for  C2gH2yN03: 
molecular  weight  305.1991.  Found:  305.1990  (mass  spectrometry). 
Mass  spectrum  m/e  178  (40)  ,  204  (46)  ,  219  (51)  ,  245  (100)  ,  246  (60)  , 
262  (50)  ,  290  (58)  ,  and  305  (41);  ir  (Nujol)  1730  and  12  50  cm'1; 
ir  (CHC13)  3610,  1720,  and  1240  cm"1;  nmr  (CDCI3)  t  4.88 
(1H,  m,  Wj^2  =  18  cps),  6.0  (1H,  d,  J  =  8  cps),  6.33  (1H,  q, 
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Jab  =  7-5  and  Jbc  r  15  cPs)  »  7.00  (1H,  q,  Jad  =  10  and  Jde  =  15  cps), 

7.40  (1H,  q,  Jac  =  3.5  and  Jbc  =  15  cps)  ,  7.95  (3H,  s),  8.54  (1H, 

9.  >  ^ae  “  7  and  J de  =  1  5  cps )  ,  and  9 .  1  0  ( 3H  ,  d  ,  J  =  6  cps ) . 

Fraction  10  provided  crystals  of  clavolonine  (3),  mp 
240-241  ,  identical  (tic  behaviour,  ir  spectrum  and  mixed  mp)  with 

an  authentic  sample.  The  mother  liquor  showed  three  spots  on  tic 
(chloroform-methanol)  corresponding  to  lycodoline  (Rf  0.82), 
acetyl  deb  enzoylalope  cur  ine  (Rf  0.74)  and  clavolonine  (Rf  0,58). 

These  three  components  were  separated  by  dry-column  chromato¬ 
graphy  as  described  above  except  that  chloroform-methanol  (49:1) 
was  used  as  developing  solvent. 

The  mother  liquors  from  the  clavolonine  recrystal¬ 
lization  showed  a  1640  cmd  band  in  the  infrared  spectrum.  These 
were  combined  with  all  the  mother  liquors  from  fractions  8  and  9  that 
showed  this  1640  cmd  band.  A  further  "dry- column"  chromato¬ 
graphy  was  conducted  on  this  material  (0.28  g)  as  described  above. 
From  this  chromatography  a  homogeneous  oil  (tic)  was  obtained 
( Rp  0. 6)  that  could  not  be  induced  to  crystallize.  This  oil  (0. 12  g) 
was  dissolved  in  pyridine  (2  ml),  acetic  anhydride  (2  ml)  added,  and 
the  mixture  was  allowed  to  stand  at  room  temperature  for  12  hours. 
Evaporation  of  the  solvent  left  an  oil  which  was  taken  up  in  ether 
and  filtered  through  a  pad  of  basic  alumina.  Slow  evaporation  of 
the  ether  produced  crystals  (0.10  g)  of  O- acetylaloly copine  (77), 
mp  180-182  .  Calcdfor  molecular  weight  301.1678. 

Found:  301.1678  (mass  spectrometry).  Mass  spectrum  m/e 
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160  (28)  ,  176  (43)  ,  198  (24)  ,  218  (59)  ,  242  (46)  ,  258  (26)  ,  259  (39)  , 

301  (100),  and  302  (25);  ir  (Nujol)  1740,  1715,  1665,  1640,  1410, 

and  1235  cm  1 ;  uv  (MeOH)  237  mp  (e  6,000);  nmr  (CDCI3) 

t  3 . 18  (1H,  q,  J  =  6  and  2  cps),  4.54(lH,d,J  =  6cps),  5.46 

(1H  ,  q  ,  J  =  12  and  5  cps)  ,  8 . 02  (3H  ,  s)  ,  and  9.03  (3H,  d,  J  -  6  cps) . 

Hydrolysis  of  O - acetylalolycopine  (0.05  g)  was  brought 

about  at  room  temperature  in  methanol  solution  (5  ml)  with  0.  IN 

aqueous  potassium  hydroxide  (0.5  ml).  The  chloroform  extract  of 

the  mixture  was  dried  (MgS04)  and  evaporated  to  give  crystalline 

alolycopine  (78)  which  after  re  crystallization  from  ether  melted  at 

53-56°.  Calcd  for  C^H^^NOg;  molecular  weight  259.1572. 

Found:  259.1571  (mass  spectrometry).  Mass  spectrum  m/e 

160  (22),  174  (16),  175  (18),  176  (100),  177  (16),  188  (12),  202  (9), 

216  (1  1),  230  (6),  242  (9),  244  (15),  and  259  (76);  ir  (CC14)  3620, 

3420,  1715,  1665,  1635,  and  840  cm  ^ ;  uv  (Me  OH)  237  m[i  (e  4, 400). 

Fractions  11,12  and  13  all  showed  the  presence  of  a 

component  of  R.£  0.29  (chloroform-methanol)  which  crystallized  from 

acetone  solutions  of  these  fractions.  After  recrystallization  from 

o 

acetone  the  alopecuridine  (69)  (0.75  g)  melted  at  171-172  .  Further 
small  amounts  of  alopecuridine  were  obtained  by  chromatography 
of  the  mother  liquor s  .  Anal .  Calcd  for  C^H^^NO^:  C,  68.79; 

H,  9.02;  N,  5.01%.  Found:  C,  68.63;  H,8.88;  N,5.31%. 

Mass  spectrum  m/e  97  (47  ,  C6Hj  jN)  ,  98  (69  ,  C6H12N)  ,  123  (97  , 

C8H1  3N)  ’  150  (10°  ,  C10H16N  and  C9H12NO)  ,  165  (71  ,  CjqH^NO)  , 

218  (7  ,  C14H20NO)  ,  220  (21  ,  Cl4H22NO)  ,  233  (26  ,  C15H23NO)  , 
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261  (7,  C16H23N02),  and  279  (3,  molecular  ion);  ir  (CHCl^)  3575, 
3330,  1740,  1690,  and  1  595  cm'1;  ir  (Nujol)  3555,  3430,  3295, 

1730,  and  1640  cm’1;  ir  (Nujol- sublimed)  3470,  1710,  and  1420 
cm  ;  nmr  (pyridine)  t9.12  (3H,  d,  J  =  5  cps). 

Crystallization  of  fraction  14  from  acetone  yielded  a 
small  amount  (20  mg)  of  material,  R£  0.08  (chloroform-methanol), 
mp  230-232°  which  proved  to  be  identical  with  the  debenzoyl- 
alopecurine  (87a)  described  in  section  4.  The  remainder  of  the 
fraction  could  not  be  separated  into  pure  components. 

Oxidation  of  Dihydrofawcettidine 

Dihydr of awcettidine  (23  mg)  was  dissolved  in  purified 
acetone  (5  ml).  To  the  stirred  solution  was  added  4  drops  of  Jones' 
reagent.  Methanol  (5  drops)  was  then  added  and  the  solution 
evaporated  to  near  dryness.  The  residue  was  dissolved  in  chloro¬ 
form  (10  ml)  and  the  solution  washed  twice  with  dilute  aqueous 
sodium  bicarbonate.  The  dried  chloroform  solution  (MgSO^)  was 
evaporated  to  yield  f awcettidine  (40)  (18  mg)  as  an  oil. 

The  experiment  was  repeated  using  38.5  mg  of  dihydro¬ 
fawcettidine.  The  combined  yield  of  fawcettidine  weighed  45  mg. 
Reduction  of  Fawcettidine  (40) 

Fawcettidine  (10  mg)  was  dissolved  in  methanol  (3  ml). 
Sodium  borohydride  (5  mg)  was  added  and  the  solution  was  allowed 
to  stand  overnight  at  room  temperature.  Most  of  the  methanol  was 
evaporated  and  the  residue  dissolved  in  water.  The  aqueous  solution 
was  extracted  three  times  with  chloroform.  The  dried  chloroform 
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extracts  (MgSC>4)  were  evaporated  and  the  residue  (7  mg)  taken  up 
in  a  little  acetone  (1  ml).  On  standing  the  acetone  solution  deposited 
crystals,  mp  154-156°,  of  dihydr of awcettidine ;  ir  (Nujol)  3180  (OH), 
1660  (C  =  C),  and  no  carbonyl;  nmr  (CDCh)  T4.47  (1H,  d,  J  =  2 
cps)  ,  5. 83  (1H  ,  broad  multiple!)  ,  7.79  (1H  ,  m)  ,  and  8.99  (3H,  d, 

J  =  7  cps);  mass  spectrum  m/e  160(41,  C^H^N),  176  (59, 

C12h18N)>  192  (l6>  c12H18NO)’  202  c 1 4H20N  and  C13Hl6NO)> 
204  (25,  C13H18NO  and  C14H22N)  ,  216  (6,  C15H22N  and  Cl4H18NO)  , 

218  (9  ,  C  j 4H22NO  and  C  j  8H24N)  ,  230  ( 68)  ,  and  247  (100,  mole  - 

cular  ion). 

Acetylation  of  Dihydr  of  awcettidine 

Dihydr  of  awcettidine  (10  mg)  was  dissolved  in  pyridine 
(1  ml).  Acetic  anhydride  (1  ml)  was  added  and  the  solution  allowed 
to  stand  for  12  hours.  The  solvent  was  removed  by  evaporation 
and  the  residue  dissolved  in  chloroform.  The  chloroform  solution 
was  washed  with  aqueous  ammonium  hydroxide,  dried  (MgSO^)  and 
evaporated  to  give  an  oil  (12  mg).  This  oil  was  dissolved  in 
benzene  (1  ml)  and  filtered  through  a  pad  of  neutral  alumina. 
Evaporation  of  the  benzene  gave  an  homogeneous  (tic)  oil  which 
could  not  be  crystallized;  ir  (CHCI3)  1725  and  1660  cm  ^  ,  no 
hydroxyl  absorption. 

This  O -acetyldihydr ofawcettidine  was  characterized  as 
the  hydroperchlorate  which  was  prepared  in  the  usual  way  and 
recrystallized  from  acetone -methanol ,  mp  219-221°  (literature 
value  220-221°)  ir  (Nujol)  1725  and  1 6 6 0  cm9. 
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Conversion  of  Fawcettimine  (38)  into  Fawcettidine  (40) 

F awcettimine*  (15  mg)  was  dissolved  in  pyridine  (2  ml) 

and  an  equal  volume  of  phosphorus  oxychloride  was  added.  The 

solution  was  stirred  for  24  hours  at  30  .  The  solution  was  poured 

onto  ice,  made  basic  (pH  >11)  with  concentrated  ammonium 

hydroxide  and  extracted  six  times  with  chloroform  (20  ml  each). 

The  combined  dried  (MgSO^)  chloroform  extracts  were  evaporated 

to  give  an  oil  (4  mg)  which  was  subjected  to  glpc.  The  main 

component  (retention  time  5  min)  was  collected  (2  mg),  the  mass 

spectrum  determined  and  the  bulk  of  it  converted  into  the  picrate  , 
o 

mp  220-222  .  The  mass  spectrum  thus  obtained  was  very  similar 

to  the  mass  spectrum  of  fawcettidine.  The  infrared  spectrum  of  the 

picrate  was  identical  with  the  infrared  spectrum  of  fawcettidine 

picrate.  A  mixture  melting  point  of  220-222°  confirmed  the  identity. 

Alopecur idine  Hydroperchlorate 

Alopecuridine  (10  mg)  was  dissolved  in  methanol  (2  ml). 

Perchloric  acid  (5%)  in  acetone  solution  was  added  until  the  methanol 

solution  tested  acid  on  litmus  paper.  The  solution  was  allowed  to 

evaporate  at  room  temperature.  After  15  hours  crystals  had 

formed.  These  crystals  were  washed  with  acetone  and  recrystal- 

o 

lized  from  acetone -methan ol ,  mp  224-226  ;  ir  (Nujol)  1750  and 
1412  cm  ^  . 


*  Kindly  supplied  by  Dr.  R.  H.  Burnell. 
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Alopecuridine  Hydrobromide 

Hydrobromic  acid  (fuming)  was  added  to  a  solution  of 
alopecuridine  (10  mg)  in  methanol  (3  ml)  until  the  methanol  solution 
tested  acid  on  litmus  paper.  The  solution  was  allowed  to  evaporate 
at  room  temperature.  After  18  hours  crystals  had  formed.  These 
crystals  were  washed  with  acetone  and  re  cry  stallized  from  acetone- 
methanol,  mp  230-232°;  ir  (Nujol)  3200,  3080,  1750,  and  1410  cm-1 
Acetylation  of  Alopecuridine  (69) 

Acetic  anhydride  (2  ml)  was  added  to  a  pyridine  (2  ml) 
solution  of  alopecuridine  (220  mg).  The  solution  was  allowed  to 
stand  overnight.  The  solvent  was  evaporated  to  leave  an  oil  which 
was  dissolved  in  chloroform  (10  ml).  The  chloroform  solution  was 
washed  with  aqueous  sodium  bicarbonate  ,  dilute  hydrochloric  acid 
and  water.  Evaporation  of  the  dried  (MgSO^)  chloroform  solution 
left  a  solid  which  on  re  cry  stalliz  ation  from  acetone -methanol  gave 
crystals,  mp  223-224°,  of  N-acetylalopecuridine  (70)  (144  mg). 

Calcd  for  CjgHgyNO^:  molecular  weight  321.1940.  Found: 
321.1939  (mass  spectrometry);  ir  (CHCI3)  3570,  1740  ,  1690, 
and  1620  cm"'*’;  ir  (Nujol)  3210,  1735,  1680,  and  1600  cm"*;  nmr 
(CDC13)  t  7.91  (s,  CH3CO)  and  8.92  (d,  J  =  6  cps  ,  CH3CH); 
nmr  (DMSO-d6)  t4.72  (1H,  d,  J  =  5  cps)  ,  8.03  (3H,  s)  ,  and  9.01 
(3H  ,  d,  J  -  5  cps);  mass  spe  ctrum  m/e  43  (100),  123  (40),  150  (48), 
165  (54)  ,  192  (33)  ,  250  (26)  ,  278  (13)  ,  293  (84)  ,  and  321  (22  ,  parent 
peak) . 

The  experiment  was  repeated.  The  solution  of 
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alopecuridine  (100  mg)  in  pyridine  (2  ml)  and  acetic  anhydride  (2  ml) 
was  heated  at  95°  for  24  hours.  The  reaction  was  worked  up  as 
above  and  gave  only  N -acetylalopecuridine  (56  mg)  identical  with 
the  compound  obtained  above. 

Acetylation  of  Alopecuridine  Hydroperchlorate  (60) 

Alopecuridine  (22  mg)  was  dissolved  in  methanol  (5  ml). 

An  acetone  solution  of  perchloric  acid  (10%)  was  added  until  the 
methanol  solution  gave  an  acid  test  with  litmus  paper.  The  solvent 
was  removed  by  evaporation  and  the  residual  solid  dissolved  in 
acetic  anhydride.  This  solution  was  allowed  to  stand  for  5  hours. 

The  solution  was  evaporated  to  dryness  and  the  residue  dissolved 
in  water.  The  aqueous  solution  was  extracted  three  times  with 
chloroform.  Evaporation  of  the  dried  (MgSO^)  chloroform  extract 
gave  a  solid  (5.3  mg)  which  was  recrystallized  from  acetone,  mp 
223°  (dec);  ir  (Nujol)  1680  cm  ;  uv  (EtOH)  220  mp  (e  12,000)  and 
240  mp  (sh)  (e  10,000).  Chromatography  of  the  mother  liquors 
from  this  crystallization  over  basic  alumina  gave  another  compound, 
recrystallized  from  acetone,  mp  183-184°;  ir  (Nujol)  1760  cm 
uv  (MeOH)  240  m  p  (£  1  1  ,000)  and  300  m  p  (e  10,000).  These 
neutral  compounds  formed  by  the  acid  catalyzed  self  condensation 
of  acetic  anhydride  ,  have  previously  been  reported  by  Praill  and 

69 

Whitear 

The  aqueous  extract  was  made  basic  with  dilute  ammonium 
hydroxide  (pH  >  11)  and  extracted  with  chloroform.  The  chloroform 
extract  was  dried  (MgSC>4)  and  evaporated  to  give  an  oil  (16  mg). 
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This  oil  was  purified  by  molecular  distillation  (165°,  0,5  mm  Hg); 
ir  (CHCl^)  3560,  1740,  and  1240  cm  ^ ;  mass  spect  rum  m/e 
261  (12)  ,  262  (100)  ,  and  321  (2  ,  parent  pe ak) . 

Molecular  distillation  of  this  O - acetylalopecur idine  (61) 
at  a  higher  temperature  (185°,  0.5  mm  Hg)  produced  a  product 
that  was  identical  with  N-acetylalopecuridine  (70).  Comparison 
was  made  by  mp,  mmp  and  ir  spectrum. 

Attempted  Rearrangement  of  N - Acetylalopecuridine  (70) 

N-Acetylalopecuridine  (9  mg)  was  dissolved  in  acetone 
(3  ml).  Hydrochloric  acid  (2N)  (0,5  ml)  was  added  and  the  solution 
refluxed  for  24  hours.  The  solvent  was  removed  by  evaporation 
and  the  residue  dissolved  in  chloroform.  The  chloroform  solution 
was  washed  with  water  ,  dried  (MgSO^)  ,  and  evaporated  to  give 
N-acetylalopecuridine  (7  mg)  identical  with  an  authentic  sample. 

The  aqueous  layer  was  basified  with  concentrated  ammonium 
hydroxide  and  extracted  with  chloroform.  The  dried  (MgSO^_) 
chloroform  extract  was  evaporated  and  left  no  residue. 

Reduction  of  Alope  cur  idine  (69)  with  Calcium  in  Liquid  Ammonia 
Small  pieces  of  calcium  metal  were  added  to  a  stirred 
solution  of  alopecuridine  (78  mg)  in  liquid  ammonia  (25  ml).  The 
addition  of  calcium  was  stopped  when  the  solution  remained  blue. 
The  stirring  of  the  solution  was  continued  for  a  further  5  minutes. 
Ammonium  chloride  (0.5  g)  was  added  to  the  solution  and  the 
ammonia  allowed  to  evaporate.  When  most  of  the  ammonia  had 
evaporated  water  was  added  and  the  aqueous  solution  extracted  with 
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chloroform.  Evaporation  of  the  dried  (MgSO^)  chloroform  extract 
furnished  a  solid  that  was  recrystallized  from  acetone.  The 
crystals,  mp  160-162  ,  and  mother  liquor  of  this  crystallization 

were  treated  separately. 

The  mother  liquor,  examined  on  tic,  showed  one  main 
component  with  the  same  Rf  as  fawcettimine  (37)  (Rf  0.55,  ethyl 
acetate -methanol) .  The  solvent  was  removed  from  the  mother 
liquor  by  evaporation.  The  infrared  spectrum  of  the  resulting  oil 
was  very  similar  to  the  spectrum  of  fawcettimine;  ir  (CCl^)  3585, 
1732,  and  1410  cm'^,  The  bulk  of  the  oil(28  mg)  was  converted 
into  the  crystalline  hydroperchlorate  by  neutralization  with  per¬ 
chloric  acid  in  acetone  solution.  Recrystallization  from  acetone - 

o 

methanol  gave  crystals  (19  mg),  mp  224-226  ;  ir  (Nujol)  3400,  1700, 

and  1410  cm  ^  .  A  mixture  melting  point  with  fawcettimine  hydro- 

o 

perchlorate  was  223-226  .  The  infrared  spectra  of  this  hydro¬ 
perchlorate  and  fawcettimine  hydroperchlorate  were  identical. 

The  crystals  (32  mg),  mp  160-162°,  were  repeatedly 
re  crystallized  from  acetone.  The  melting  point  remained  unchanged. 
Examination  of  these  crystals  by  tic  showed  two  components.  The 
composition  of  the  mixture  by  tic  remained  unchanged  after  each 
recrystallization.  Most  of  the  crystals  (30  mg)  were  dissolved  in 
pyridine  (2  ml).  Acetic  anhydride  (2  ml)  was  added  and  the 
solution  allowed  to  stand  overnight.  The  solvent  was  removed  by 
evaporation  and  the  residue  dissolved  in  chloroform  (10  ml).  The 
chloroform  solution  was  washed  with  aqueous  sodium  bicarbonate  , 
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dilute  hydrochloric  acid  and  water,  dried  (MgSO^)  and  evaporated. 
The  residual  solid  (25  mg)  was  composed  of  two  compounds  (tic). 
They  were  separated  by  chromatography  over  alumina  (1.0  g) . 

Elution  with  ether  furnished  a  compound  (65)  ,  mp  192-194°, 

^20^3  1^^4  (ca-lcd  molecular  weight  349.2253,  found  by  mass 
spectrometry  349.2256);  ir  (Nujol)  1735,  1695,  and  1640  cm"1; 
mass  spectrum  m/e  176  (22),  188  (2  5),  218  (2  5),  230  (22),  246  (4  5  , 
c16H24NO),  248  (27,  Ci6H26NO),  289  (100,  C18H2?N02),  290  (45, 

^1 8^28lsl(^)2^  »  (22),  and  349  (4,  molecular  ion,  C2qH2^NO^). 

Elution  with  chloroform-ether  (1:1)  furnished  a  compound  (56), 
mp  143-145  ;  ir  (Nujol)  1  740,  1695,  and  1620  cm  ^  mass 
spectrum  m/e  128  (27  ,  C7H14NO)  ,  177  (3  6  ,  C12H1?0)  ,  192  (100  , 
c12Hi8N°)>  205  (26),  234  (82,  C15H24NO),  262  (14,  Cl6H24NC>2), 

2  77  (3  8  ,  Cj  yH2-yN02)  ,  and  30  5  (3  ,  parent  peak) .  A  mixture 
melting  point  with  N- acetylfawcettimine  ,  143-145°,  confirmed  the 
identity  of  this  compound. 

Attempted  Oxidation  of  N- Acetylalopecuridine  (70)  with  Jones' 

Re  agent 

N- Acetylalopecuridine  (71  mg)  was  dissolved  in  acetone 
(10  ml).  Jones'  reagent  (10  drops)  was  added  to  the  stirred  solution. 
After  a  few  minutes  methanol  (10  drops)  was  added  and  the  solution 
evaporated  to  near  dryness.  The  residue  was  dissolved  in  water 
(5  ml)  and  extracted  with  chloroform.  The  chloroform  solution  was 
dried  (MgS04)  and  evaporated  to  give  a  solid  (59  mg) .  Recrystal¬ 
lization  from  acetone -methanol  gave  crystals,  mp  222-224°,  mixture 
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melting  point  with  N- acetylalope cur idine  222-224°.  The  infrared 
spectra  of  this  product  and  N- acetylalopecuridine  were  identical. 
Attempted  Oxidation  of  N -Acetylalopecuridine  (70)  with  Selenium 
Dioxide 

N -Acetylalopecuridine  (32  mg)  was  dissolved  in  a 

mixture  of  dioxane  and  ethanol  (2:1)  (20  ml).  Freshly  sublimed 

selenium  dioxide  (20  mg)  was  dissolved  in  water  (1  ml)  and  added  to 

the  solution.  The  solution  was  refluxed  for  12  hours  and  then 

filtered.  The  volume  of  the  filtrate  was  reduced  to  5  ml  by 

evaporation,  basified  with  concentrated  ammonium  hydroxide  and 

extracted  with  chloroform.  Evaporation  of  the  dried  (MgSO^) 

chloroform  solution  gave  a  solid  (30  mg)  that  was  recrystallized 

o 

from  acetone -methanol ,  mp  222-224  .  The  infrared  spectra  of 
this  product  and  N- acetylalope  cur  idine  were  identical. 

Attempted  Deuterium  Exchange 

Alopecuridine  (12  mg)  was  dissolved  in  methanol -dj 
(1  ml)  o  Sodium  (20  mg)  was  added  and  the  solution  refluxed  for 
12  hours  under  a  dry  nitrogen  atmosphere.  The  solvent  was 
evaporated  and  the  residue  dissolved  in  deuterium  oxide  (1  ml). 

The  deuterium  oxide  solution  was  extracted  with  purified  methylene 
chloride.  The  methylene  chloride  solution  was  dried  (MgSO^)  and 
evaporated  to  give  a  solid.  The  mass  spectrum  of  this  solid  was 
almost  identical  with  the  mass  spectrum  of  alopecuridine.  Mass 
spe ctr um  m/e  123  (95),  150  (90),  165  (100),  2  3  o  (40),  261  (8),  262  (9), 


and  279  (2). 
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Alopecuridine  hydrobromide  (15  mg)  was  dissolved  in 
deuterium  oxide  (3  ml),  one  drop  deuterium  bromide  solution  added, 
and  the  solution  was  refluxed  for  24  hours.  The  deuterium  oxide 
was  evaporated  and  the  infrared  spectrum  of  the  crystalline  solid 
determined.  The  infrared  spectrum  showed  that  only  the  hydroxyl 
proton  had  exchanged;  ir  (Nujol)  3100,  3080,  2400,  2300,  1750,  and 
1410  cm-^.  The  experiment  was  repeated  and  the  reflux  time 
increased  to  49  hours.  Sodium  carbonate  (anhydrous)  was  added  to 
the  deuterium  oxide  solution  until  the  solution  tested  basic  on  litmus 
paper.  The  basic  solution  was  extracted  with  purified  methylene 
chloride.  The  methylene  chloride  solution  was  dried  (MgSO^)  and 
evaporated  to  give  a  solid.  The  mass  spectrum  of  this  solid  was 
almost  identical  with  the  mass  spectrum  of  alope  cur  idine . 

Attempted  Benzylidene  Formation 

Alopecuridine  (20  mg)  was  dissolved  in  5  ml  methanol. 
Sodium  (25  mg)  and  benzaldehyde  (0.25  ml)  were  added.  The 
mixture  was  refluxed  for  3  hours  ,  cooled,  concentrated  under 
vacuum  and  diluted  with  water  (5  ml). 

The  aqueous  solution  was  acidified  with  dilute  hydro¬ 
chloric  acid  (2N)  and  extracted  with  ether.  The  aqueous  layer  was 
basified  with  concentrated  ammonium  hydroxide  and  extracted  with 
chloroform.  The  dried  (MgSO^)  chloroform  extract  was  evaporated 
to  give  a  solid  (13  mg)  (homogeneous  by  tic)  which  was  identical 
with  alopecuridine. 
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Dehydration  of  N -  Acety lalope cur idine  (70) 

Thionyl  chloride  (1  ml)  was  added  to  a  solution  of 
N - acetylalopecuridine  (50  mg)  in  methylene  chloride  (3  ml).  The 
solution  was  refluxed  for  one  hour  and  then  cooled.  Water  (1  ml) 
was  added  slowly  and  the  solvent  removed  by  evaporation.  The 
residue  was  dissolved  in  chloroform  and  washed  with  water.  The 
chlorform  solution  was  dried  (MgSOq)  and  evaporated  to  give  an  oil, 
which  showed  six  components  by  tic  ,  one  of  which  was  the  starting 
material.  Chromatography  of  the  oil  over  alumina  (1.5  g)  eluting 
with  benzene  separated  the  less  polar  products  from  the  more 
polar  starting  material.  The  less  polar  products  (10  mg)  showed 
five  components  by  tic  in  about  equal  proportion. 

Hydrogenation  of  this  mixture  of  products  with  Adams' 
catalyst  at  atmospheric  pressure  gave  an  oil  that  was  examined  by 
tic.  It  showed  many  spots  ,  one  of  which  was  indistinguishable  from 
N-acetylfawcettimine  (56).  A  large  tic  plate  (8"  x  8")  was  used  for 
the  comparison  and  developed  in  one  direction  with  chloroform- 
methanol  (19:1)  and  across  the  plate  with  ethyl  acetate -methanol 
(12:1). 

The  experiment  was  repeated  with  another  sample  of 
alopecuridine  (60  mg)  and  the  reflux  time  was  extended  to  three 
hours.  The  nonpolar  products  of  the  reaction  showed  five  components 
by  tic  and  weighed  12  mg.  Chromatography  over  alumina, 
preparative  tic  and  glpc  were  used  to  separate  the  components  of 
this  mixture.  In  no  case  was  a  pure  component  isolated  from  the 
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mixture  . 

Dehydration  of  Alope cur idine  (69) 

Phenylphosphonic  dichloride  (5  ml)  was  added  to  a 

pyridine  solution  (5  ml)  of  alopecuridine  (80  mg).  The  solution 

was  stirred  for  19  hours  at  room  temperature  and  then  poured  onto 

ice.  The  aqueous  solution  was  basified  (pH  >  11)  with  concentrated 

ammonium  hydroxide  and  extracted  with  chloroform.  The  dried 

(MgSO^)  chloroform  solution  was  evaporated  to  give  an  oil  (40  mg). 

Examination  of  this  oil  by  tic  showed  a  major  product  ,  a  minor 

product,  and  some  starting  material.  The  major  and  minor 

products  were  separated  from  the  alopecuridine  by  chromatography 

over  alumina  (1.0  g,  elution  with  benzene).  The  major  and  minor 

products  had  very  similar  R£  values  and  could  not  be  separated  from 

each  other  by  chromatography  over  alumina.  The  major  product 

was  separated  by  glpc  at  220°  (retention  time  3  min).  It  was  an  oil 

(20  mg)  that  showed  one  spot  by  tic  ,  but  its  purity  was  open  to 

question  bee ause  of  the  infrared  spectrum,  ir  (CHCD)  3500,  1740, 

1700,  and  1660  cm*^.  The  major  product  was  contaminated  by  the 

minor  product  which  was  obtained  from  the  glpc  (retention  time 

o 

6  min)  as  a  crystalline  solid  (3  mg),  mp  129-130  ;  ir  (Nujol)  1730, 
and  1690  cm"*;  uv  (MeOH)  272  mp  (e  4,800);  mass  spectrum 
m/e  123  (88),  150  (77),  165  (100),  233  (50),  and  261  (7  ,  parent  peak) . 

The  nmr  of  the  impure  major  product  was  determined, 
nmr  (CDCl^)  t4.35  (1H,  broad  singlet ,  =  3.5  cps)  and  8.93 

(3H  ,  a  ,  J  r  6  cps).  Double  irradiation  at  t7.74  gave  nmr  (CDCl^) 
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t  4.35  (1H,  sharp  singlet)  and  8.93  (singlet).  The  oil  was 
recovered  from  the  deuter ochlor ofor m  solution  and  again  subjected 
to  glpc  under  the  same  conditions.  The  recovered  oil  (8  mg)  had 
the  same  Rf  as  before;  ir  (CCl^)  3500  ,  1  740  ,  and  1  650  cm-  1 ; 
mass  spectrum  m/e  150  (70),  160  (100),  165  (70),  233  (50), 

243  (60),  and  261  (65,  parent  peak).  The  infrared  spectrum  of 
this  sample  remained  unchanged  on  recycling  the  sample  through 
the  glpc  and  the  sample  was  considered  to  be  pure. 

Hydrogenation  of  O  -  A  cetylalolycopine  (77) 

O-Acetylalolycopine  (25  mg)  in  methanol  solution  (30  ml) 
was  stirred  in  the  presence  of  palladium  on  powdered  charcoal  (5%) 
(25  mg)  under  hydrogen  at  atmospheric  pressure  for  two  hours. 

The  catalyst  was  removed  by  filtration  and  the  solvent  evaporated 
to  leave  a  solid  that  showed  one  major  and  three  minor  components 
by  tic.  The  solid  was  adsorbed  on  basic  alumina  (1  g)  and  eluted 
with  ether  in  five  10 -ml  fractions  .  Fractions  2,3,  and  4  were 
combined  (12  mg)  and  re  crystallized  from  ether  ,  mp  142-  145°. 
Further  purification  by  molecular  distillation  (75°,  0.5  mm  Hg) 
gave  a  solid  that  was  recrystallized  from  ether  ,  mp  144-146°, 
ir  (Nujol)  1735  ( cy clopentanone  and  acetyl  carbonyl),  1660  (C  =  C), 
1415  (-CH2CO-),  and  1230  cm'1  (CH3CO-0- ,  "ester  band"); 
mass  spectrum  m/e  1 60  (60),  176  (100),  188  (33),  244  (83), 

260  (25)  ,  288  (16),  and  303  (66  ,  parent  peak) .  The  mixture  melting 
point  with  acetylanhydr oaposer r atinine  (41)  was  144-147°.  The 
infrared  spectra  of  dihydro -O - acetylalolycopine  and  acetylanhydr o- 
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aposer ratinine  were  identical. 

Alopecurine  Hydrobromide 

Fuming  hydrobromic  acid  in  acetone  (2%)  was  added  in 
a  dropwise  fashion  to  alopecurine  (5  mg)  dissolved  in  methylene 
chloride  until  the  resulting  solution  tested  red  on  moist  litmus 
paper.  This  solution  was  then  allowed  to  evaporate  at  room 
temperature.  The  residual  crystalline  mass  was  re  crystallized 
from  methanol- acetone  .  The  vacuum  dried  crystals  decomposed 
at  a  temperature  above  300  .  The  density  of  the  crystals  was 
determined  by  achieving  neutral  buoyancy  for  a  crystal  in  a  mixture 
of  chlorobenzene  (d  =  1.1  g/cm  )  and  carbon  tetrachloride  (d  = 

Q 

1.6  g/  cm“>)  ,  and  then  measuring  the  density  of  the  mixture  .  F ound 

d25°  r  1.35  g/cm3  (  ±0.01). 

Alopecurine  Hydrochloride 

Anhydrous  hydrogen  chloride  was  briefly  bubbled 

through  a  solution  of  alopecurine  (5  mg)  in  methanol.  Slow 

evaporation  of  the  solution  at  room  temperature  gave  a  residual 

crystalline  mass  which  was  recrystallized  from  acetone.  The 

crystals  were  dried  under  vacuum  at  room  temperature  and 

decomposed  at  a  temperature  above  290°. 

The  density  of  the  crystals  was  determined  in  the  same 

25°  _  3 

manner  as  for  the  hydrobromide.  Found:  d  =  1.257  g/cm 

(  t  0.002). 

Alopecurine  Methobromide 


Alopecurine  (10  mg)  was  dissolved  in  methanol  and 
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refluxed  with  methyl  iodide  for  24  hr.  The  solution  was  evaporated 
and  the  residue  dissolved  in  water.  This  aqueous  solution  of 
alopecurine  methiodide*  was  washed  with  chloroform  and  then- 
percolated  through  a  column  of  Dovvex  2-X8  (1  g) .  The  column  of 
Dowex  resin  had  been  prepared  by  washing  with  aqueous  lithium 
bromide,  the  excess  lithium  bromide  had  been  washed  out  with 
water.  The  alopecurine  methobromide  was  eluted  from  the  column 
with  water  and  evaporated  to  give  a  crystalline  mass  (11  mg). 

Repeated  re  cry  stallization  from  methanol- acetone  gave  large 
crystals,  mp  247-249°.  Anal.  Calcd  for  C24H23BrNC>2:  C,  62.33; 

H,  6.97.  Found:  C,  62.26  and  62.44;  H,  7.12  and  7.04%;  ir 
(Nujol)  3300,  1725,  1595,  1580,  1260,  and  1110  cm"1;  d25°  = 

I .  397  g /  cm2  , 

Hydrolysis  of  Alopecurine  (80a) 

Aqueous  potassium  hydroxide  was  added  to  a  methanol 
solution  of  alopecurine  (30  mg)  and  the  solution  was  refluxed  for 
2  hr.  The  residue  obtained  by  evaporating  the  solvent  was  dissolved 
in  chloroform  and  washed  with  water.  Evaporation  of  the  dried 
(MgSO^)  chloroform  layer  gave  crude  crystals  (16  mg)  which  were 
recrystallized  from  methanol- acetone  ,  mp  230-232°.  This  compound 
was  identical  with  the  debenzoylalopecur ine  (87a)  isolated  from  the 
plant.  Calcd  for  Cj^H^NC^:  molecular  weight  263.1885.  Found: 
263.1886  (mass  spectrometry);  ir  (Nujol)  3350  cm  1  ,  no  absorption 


^Previously  prepared  by  S  .  Valverde -Lopez  ,  Ph.D.  thesis,  U.  of  A  . , 

1966. 
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between  1800  and  1500  cm-1. 

Debenzoylalopecurine  Hydrobromide  (79a) 

The  hydrobromide  was  prepared  in  the  usual  way  and 
crystallized  from  acetone -methanol  ,  mp  249-251°.  Anal.  Calcd 
for  Cj  ^H^^BrNO^ :  C,  55.81;  H,  7.61.  Found:  C,  55.97  and 
56.02;  H,  7.43  and  7.53%;  ir  (Nujol)  3310  and  3460  cm 
d25°  =  1.481  g/cm3  [t  0.002). 

Acetylation  of  Alopecurine  (80a) 

Acetic  anhydride  (1  ml)  was  added  to  a  pyridine  solution 
(1  ml)  of  alopecurine  (20  mg)  and  the  solution  was  allowed  to  stand 
overnight.  The  solvent  was  then  evaporated  to  leave  an  oil  which 
could  not  be  crystallized  from  acetone  or  ether;  ir  (CCl^)  1735  and 
1  720  cm  1  ,  no  OH  absorption  band;  nmr  (CDCl^)  t  4.6  (1H,  m)  , 
4.8  ( 1 H  ,  d  with  fine  structure  ,  J  -  8  cps)  ,  7.9  (3H  ,  s)  ,  9.0  (3H  , 

d ,  J  =  6  cps),  1.9  and  2.5  ( 5H  ,  aromatic)  . 

Acetylalopecurine  perchlorate  was  prepared  in  the  usual 
way,  mp  over  300°.  Anal .  Calcd  for  j-H^ClNOg:  C,  58.87; 

H,  6.32%.  Found:  C,  59.59;  H,6.11%;  ir  (Nujol)  3 1 75  ,  1 725  , 
1700,  1595,  1580,  1500,  1275,  1250,  and  .1100  cm"1. 

Oxidation  of  Alopecurine  (80a) 

Jones'  reagent  (8  drops)  was  added  to  a  solution  of 
alopecurine  (46  mg)  in  purified  acetone  (8  ml).  Methanol  (10  drops) 
was  added  and  the  solution  evaporated  to  near  dryness.  The 
residue  dissolved  in  chloroform  was  washed  with  dilute  aqueous 
sodium  bicarbonate.  The  dried  chloroform  solution  (MgSO^)  was 
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evaporated  to  yield  an  oil  (81a)  (24  mg);  ir  (CHC13)  1715  (benzoate)  , 
1690  (C-O)  ,  1410  cm  ^  (-CH^-CO-)  ,  and  no  OH;  tic  indicated  the 
oil  was  homogeneous  but  crystallization  could  not  be  induced  in 
various  solvents.  Molecular  distillation  (150°/0.1  mm)  gave 
back  the  unchanged  oil;  nmr  (CDCy  x  4.7  (1H,  m),  4.5  (1H,  d, 

J  "  9  cps)  ,  4.65(lH,q,J  =  9  and  2  cps)  ,  6.25(lH,q,J-l6  and 
6.5  cps),  7.55  (1H,  q,  J  -  17  and  8.5  cps),  7.0  (1H,  q,  J  =  16  and 
1  cps),  8.0  (1H,  q,  J  =  17  and  2. 5  cps),  9.0  (3H  ,  d  ,  J  =  6  cps)  , 
and  x2-2.5  (5H,  aromatic).  Calcd  for  C^H^NO^:  molecular 
weight  365.  Found:  365  (mass  spectrometry). 

Reduction  of  Dehydroalopecurine  (81a) 

Sodium  borohydride  (10  mg)  was  added  to  a  methanol 
solution  of  dehydroalopecurine  (8  mg)  and  allowed  to  stand  over¬ 
night.  The  methanol  was  evaporated  and  the  residue  ,  dissolved 
in  water,  was  extracted  with  chloroform.  The  dried  (MgSO^) 
chloroform  extracts  were  evaporated  and  the  residue  taken  up  in  a 
little  acetone.  On  standing  the  acetone  solution  deposited  crystals, 
mp  243-245°,  unchanged  on  admixture  with  alopecurine.  The  ir 
(Nujol)  spectrum  was  identical  with  that  of  alopecurine. 

Dehydration  of  Alopecurine  (80a) 

Alopecurine  (25  mg)  was  dissolved  in  benzene  (10  ml) 
and  thionyl  chloride  (0.5  ml)  added.  The  solution  was  refluxed 
overnight.  Water  was  added,  the  solution  made  basic  with  ammon¬ 
ium  hydroxide  and  the  benzene  layer  separated.  The  aqueous  layer 
was  extracted  twice  with  benzene  .  The  combined,  dried  (MgSO^) 
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benzene  fractions  were  evaporated  to  give  an  oil  (20  mg).  Chroma¬ 
tography  of  this  oil  over  neutral  alumina  (1  g)  and  elution  with  ether 
gave  a  compound  (82a)  (homogeneous  by  tic)  which  crystallized  from 
ether,  mp  105-107°;  ir  (CHC13)  1720,  1610,  1590,  1280,  and  1110 
cm  Calcd  for  C^H^NO^:  molecular  weight  349.2042.  Found: 

349.2045  (mass  spectrometry);  nmr  (CDCl^)  t  4.7  (1H,  m)  , 

4.5  (1H,  d,  J  =  9  cps),  4.65  (1H,  q,  J  =  9  and  2  cps),  6.25  (1H,  q, 

J  -  16  and  6.5  cps),  7 . 55  ( 1H  ,  q  ,  J  =  1 7  and  8 . 5  cps)  ,  7.0  (1H,  q, 

J  =  16  and  1  cps),  8.0  (1H,  q,  J  =  17  and  2.5  cps)  ,  9.0  (3H  ,  d  , 

J  r  6  cps),  and  t  2-2.5  (5H,  aromatic). 

Hydrolysis  and  Oxidation  of  Anhydr oalope curine  (82a) 

Anhy dr oalopecur ine  (10  mg)  was  hydrolyzed  with 
potassium  hydroxide  in  the  usual  way  to  give  a  tic  homogeneous  oil 
(5  mg);  ir  (CHCl^)  3600  and  1665  cm  ^  .  Jones'  oxidation  of  this 
anhydr odebenzoylalopecur ine  (83a)  gave  another  tic  homogeneous 
oil  (1  mg);  ir  (CHCl^)  1710  cm  ^  .  This  compound  (84a)  was  not 
further  characterized  due  to  lack  of  material. 

Hydrolysis  of  Dehydr oalopecurine  (81a) 

Aqueous  potassium  hydroxide  (5  drops)  was  added  to  a 
dioxane  solution  of  dehydroalopecurine  (36  mg).  After  12  hours  at 
room  temperature  the  solvent  was  evaporated  almost  to  dryness  , 
the  residue  dissolved  in  w ate r  and  extracted  with  chloroform. 
Evaporation  of  the  dried  (MgSO^)  chloroform  solution  gave  a  solid 
mass  (85a)  (21  mg)  which  was  recrystallized  from  acetone  ,  mp 
160-162°.  Calcd  for  C^H^^NO^:  molecular  weight  261  .  1  728  . 


■ 

if 

. 

' 

. 


’ 


- 


* 


■ 


■ 


89 


Found:  261.1729  (mass  spectrometry);  ir  (Nujol)  1690  (C=0)  and 
1412  cm  *  (-CH^CO-);  uv  max(MeOH)  225  m  [i  (e  1  ,670);  uv  max 
(MeOH-HCl)  228  mp  (e  800). 

Oxidation  of  Debenzoylalope curine  (87a) 

Jones'  reagent  (2  drops)  was  added  to  a  purified  acetone 
solution  of  debenzoylalopecurine  (6  mg)  at  room  temperature. 
Methanol  (2  drops)  was  then  added  and  the  solution  was  evaporated. 
The  residue  was  dissolved  in  chloroform  and  washed  with  dilute 
aqueous  sodium  bicarbonate.  The  dried  (MgSO^)  chloroform  layer 
was  evaporated  to  give  an  oil  (5  mg)  which  would  not  crystallize  (86a), 
Calcd  for  molecular  weight  259.1  572.  Found: 

259.1574  (mass  spectrometry);  ir  (CHCI3)  1720,  1690,  1430,  1410, 
and  1400  cm  ^  .  The  hydrobromide  of  86a  was  prepared  in  the 
normal  way  ,  mp  248-250°  (dec.). 

Oxidation  of  Debenzoyldehy dr oalopecurine  (85a) 

The  oxidation  was  carried  out  with  Jones'  reagent  in  the 
normal  way  and  the  product  obtained  was  identical  with  the  diketone 
(86a)  obtained  in  the  oxidation  of  debenzoylalopecurine  (87a). 
Acetylation  of  Debenzoyldehydr oalopecurine  (85a) 

Debenzoyldehydroalopecur ine  (5  mg)  was  acetylated  with 
acetic  anhydride -pyridine  (1:1)  in  the  usual  way.  The  product  was 
identical  with  the  dehydr oacetyldebenzoylalopecur ine  (88a)  obtained 
in  the  following  experiment. 
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Oxidation  of  Acetyldebenzoylalopecurine  (89a) 

The  oxidation  of  acetyldebenzoylalopecurine  (10  mg)  with 
Jones'  reagent  (10  drops)  was  carried  out  in  the  usual  manner. 
Evaporation  of  the  dried  (MgSO^)  chloroform  extract  gave  a  solid 
mass  (9  mg)  which  was  recrystallized  from  acetone,  mp  241-243°. 
Calcd  for  CigH^NC^:  molecular  weight  303.1834.  Found: 
303.1834  (mass  spectrometry);  ir  (Nujol)  1750,  1695,  and  1230 
cm"  1  . 

Hydrolysis  of  Acetyldebenzoylalopecurine  (89a) 

Hydrolysis  of  acetyldebenzoylalopecurine  (18  mg)  was 
carried  out  in  methanol  solution  with  potassium  hydroxide  at  room 
temperature.  After  24  hours  it  was  worked  up  in  the  usual  way. 

The  diol  (13  mg)  obtained  was  identical  with  debenzoylalopecurine 
(87a). 
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DISCUSSION  AND  RESULTS 

PART  II 


1  .  .Isolation 

The  alkaloids  of  Lycopodium  lucidulum  Michx.  were 

70 

first  investigated  by  Manske  and  Marion  in  1946  .  They  reported 

the  isolation  of  nicotine,  lycopodine  (2),  alkaloid  L.13  and  six 
other  bases  which  were  designated  alkaloids  L.20,  L.21,  L.22, 

L  .  23  ,  L .  24  ,  and  L  .  2  5  .  Since  that  time  the  structure  of  a  number 

7 1 

of  these  alkaloids  has  been  elucidated.  Ayer  and  coworkers 
have  reported  that  the  perchlorate  of  alkaloid  L.13  is  identical  with 
lycopodine  perchlorate.  The  structure  of  alkaloid  L.20  (18)  was 

29  7? 

was  reported  in  19t>3  .  Ayer  and  coworkers  have  suggested 

that  alkaloid  L.21  is  the  same  as  luciduline  ^  (90)  ,  a  weak  base 
from  L.  lucidulum. 


When  the  work  reported  in  this  thesis  was  started  the 

structure  of  alkaloids  L.22,  L.23,  L.24,  and  L .  2  5  were  unknown  , 

and  the  availability  of  the  plant  prompted  a  further  investigation  of 

70 

the  alkaloids  of  this  plant.  Manske  and  Marion  had  isolated  and 
characterized  these  alkaloids  as  their  perchlorate  salts.  They 
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reported  for  alkaloid  L.22,  mp  108  ,  C^E^yNO  (hydroperchlorate 

mp  254  );  alkaloid  L„23,  mp  162  ,  (hydroperchlorate 

mp  300  );  alkaloid  L.24,  C^H^^NO  (hydroperchlorate  mp  278°); 
and  alkaloid  L.25,  (hydroperchlorate  mp  297°). 

Alkaloid  L.23  has  also  been  isolated  from  L.  selago 

and  is  identical  with  the  ps eudos elagine  of  Achmatowicz  and 

«  ,  ,  ,  74  ,  75 

Rodewald 

It  has  been  known  for  some  time  that  the  presence  of 
weak  bases  in  the  crude  alkaloid  extract  of  L .  lucidulum  complicates 
the  chromatographic  separation  of  the  strong  bases  ^  ^  For 

this  reason  the  total  crude  alkaloid  extract,  obtained  by  the  method 
reported  by  Berezowsky  ,  was  first  separated  into  weak  and 
strong  bases  according  to  the  method  developed  by  Nkunika  An 

investigation  of  the  "weak  bases"  ,  initiated  by  D.  Nkunika  in  1963 
is  at  present  being  conducted  in  these  laboratories  by  L.  F.  Ball. 
Seven  of  the  component  alkaloids  of  the  "strong  bases"  are  reported 
in  this  thesis  . 

The  "strong  bases"  of  Lycopodium  lucidulum  Michx. 
obtained  from  the  initial  separation,  were  subjected  to  seven  funnel 
countercurrent  distribution  between  chloroform  (moving  phase)  and 
potassium  hydrogen  phthalate  buffer  (pH  5).  After  completion  of 
the  distribution  each  fraction  was  made  strongly  basic  and  extracted 
into  chloroform.  Fraction  7,  containing  the  weak  bases  was 
combined  with  the  "weak  base"  fraction  from  the  original  separation. 
Each  of  the  other  six  fractions  were  subjected  to  adsorption 
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chromatography  over  alumina.  Elution  with  solvents  of  increasing 
polarity  gave  components  of  varying  purity  which  were  further 
purified  by  preparative  thin-layer  chromatography  and  crystallization, 
fn  a  typical  chromatogram  countercurrent  distribution  fraction  3 
was  chromatographed  over  alumina.  Elution  with  benzene  and 
benzene -ether  gave  lycopodine  (2).  Elution  with  ether  gave  a 
mixture  of  lycodoline  (14),  mp  180  ,  and  flabellif ormine  (91), 
mp  21  2°,  On  recrystallization  from  acetone  the  mixture  melted  at 
183-184°,  The  components  were  separated  by  preparative  thin- 
layer  chromatography  and  identified  by  comparison  with  authentic 
s ample s  . 


ch3 


Flabellif  ormine  (91)  exhibits  a  great  tendency  to  complex 

76  ,  .  .  . 

with  other  alkaloids,  Berezowsky  has  shown  by  mixing  equimolar 

o 

quantities  of  flabellif  ormine  ,  mp  212  ,  with  dihydr  olycopodine  (17), 

mp  168°,  and  lycopodine,  mp  116°,  in  separate  experiments,  that 
1:1  molecular  complexes  result  with  melting  points  208°  and  165° 
respectively . 

Elution  with  ether  -  chloroform  and  chloroform  gave  after 
evaporation  of  the  solvent  mixed  crystals  of  lycodoline  (14)  and 
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alkaloid  L.23.  These  were  separated  by  fractional  crystallization 

from  acetone.  Lycodoline  (14)  crystallizes  first  leaving  alkaloid 

L.23  in  the  mother  liquor.  Alkaloid  L.23  was  re  cry  stallized  from 

o 

a  small  volume  of  acetone,  mp  163-164  both  alone  and  when  admixed 

70 

with  an  authentic  sample  of  alkaloid  L.23  provided  by  L.  Marion 
The  infrared  spectra  of  the  two  compounds  were  superimposable  . 

The  structure  of  alkaloid  L.23  will  be  discussed  in  Section  2  of  this 
part  of  the  thesis.  Elution  with  chloroform-methanol  (4:1)  gave  a 
diosphenol  (92)  which  has  previously  been  prepared  from  alkaloid 


Further  quantities  of  alkaloid  L.23  were  obtained  by  the 
chromatography  of  countercurrent  distribution  fractions  2  and  4. 

Chromatogr aohy  of  fraction  6  over  alumina  and  elution 
with  benzene -ether  gave  a  mixture  of  lycopodine  (2)  and  lycodine  (5). 
These  two  compounds  have  very  similar  values  and  can  best  be 
separated  by  reducing  the  mixture  with  sodium  borohydride.  The 
lycodine  is  unchanged  under  these  conditions  while  the  lycopodine 
is  reduced  to  dihydr olycopodine  (17).  Dihydr olycopodine  has  a 
different  R  value  compared  to  that  of  lycodine  and  the  two  compounds 
can  be  separated  by  chromatography  over  alumina. 
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Further  elution  of  fraction  6  with  chlor oform-methanol 
gave  a  compound,  mp  230-233°,  identical  (mp,  mmp  ,  ir  spectrum) 

1 8 

with  that  previously  isolated  from  L.  clavatum  var  .  megastachyon 
This  compound  has  been  given  the  name  lucidioline  and  will  be 
discussed  in  detail  in  section  3. 

The  molecular  formula  of  lucidioline  corresponds  to 

t  70 

that  assigned  to  alkaloid  L.25  by  Manske  and  Marion  .  However, 

comparison  of  the  infrared  spectra  of  a  sample  of  alkaloid  L.25 
supplied  by  L.  Marion  and  lucidioline  showed  that  they  were  com¬ 
pletely  different.  Alkaloid  L.2  5  and  alkaloid  L.23  were  found  to 
be  identical. 

Alkaloid  L.20  (18)  was  obtained  from  the  "strong  bases" 

by  dissolving  the  crude  alkaloids  in  methanol  and  allowing  the  solvent 

to  evaporate  slowly.  Crystalline  alkaloid  L.20  was  filtered  off, 

washed  and  re  cry  stallized  from  methanol- acetone  ,  mp  258-259°. 

Alkaloid  L.20  was  not  isolated  in  any  of  the  chromatographies  of 

the  countercurrent  distribution  fractions. 

2(a).  Structure  of  Alkaloid  L.23 

In  1957  an  important  infrared  criterion  was  reported  by 
79  80 

Bohlmann  5  for  distinguishing  between  trans  -(93a)  and  cis-(94a) 
quinolizidine  derivatives.  Derivatives  possessing  a  trans  ring 
juncture  with  at  least  two  axial  hydrogen  atoms  on  carbons  adjacent 
to  nitrogen  show  characteristic  strong  absorption  bands  in  the 
2800-2700  cm  *  region.  Such  a  relationship  is  not  possible  in 
cis -quinolizidines  and  Bohlmann  has  shown  that  these  compounds  do 
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not  show  intense  absorption  in  the  2700-2800  cm  region  in  their 

spectra.  "Bohlmann  bands”  are  not  found  in  any  amine  salts  , 

N-oxides  or  lactams.  In  more  recent  papers,  the  correlation  of 

quinolizidine  conformation  with  nuclear  magnetic  resonance  spectra 

8182  81 

is  reported  '  5  .  Hamlow  and  Okuda  have  shown  that  in  the 

nuclear  magnetic  resonance  spectra  of  trans  -quinolizidine  (93a)  the 

axial  protons  on  the  carbons  adjacent  to  nitrogen  appear  at  higher 

field  than  the  corresponding  equatorial  protons.  A  chemical  shift 

difference  of  0.93  ppm  of  H  versus  H  was  observed  for  trans - 

quinolizidine  ,  substantially  larger  than  that  observed  in  cyclohexane 

83 

and  sugar  acetate  derivatives  .  When  the  nuclear  magnetic 
resonance  spectrum  of  trans  -quinolizidine  is  determined  in  trifluoro- 
acetic  acid,  the  nitrogen  lone  pair  is  effectively  bound  and  the 
chemical  shift  difference  is  only  0.5  ppm.  The  proposed  rational¬ 
ization  for  this  phenomena  is  that  in  saturated  cyclic  nitrogen 
compounds  in  which  the  direction  of  the  nitrogen  lone  pair  is  fixed, 
partial  participation  of  the  lone  pair  in  an  antibonding  a*  orbital 
between  C-4  and  the  axial  hydrogen  takes  place  as  shown  in  structure 
95a.  In  other  words  the  bond  between  C-4  and  the  nitrogen  has  some 
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double  bond  character  causing  an  increase  in  electron  density  at 
the  C-4  axial  proton.  This  would  explain  the  shielding  of  this  axial 
proton  in  the  nuclear  magnetic  resonance  spectrum  and  the  low  C-H 
stretching  frequency  in  the  infrared  spectrum. 

The  infrared  spectrum  (CHCl^)  of  alkaloid  L.23  shows 
carbonyl  absorption  at  1690  cm  ^  ,  a  concentration  independent  band 
at  3  510  cm  ^  indicative  of  an  intr amolecularly  hydrogen  bonded 
hydroxyl,  and  intense  "Bohlmann  bands"  at  2820,  2760,  and  2680  cm" 
indicative  of  a  tr ans -quinolizidine  system.  The  nuclear  magnetic 
resonance  spectrum  of  alkaloid  L.23  revealed  the  presence  of  the 
secondary  C-methyl  group  (  t9.03)  and  showed  a  one  proton  singlet 
at  t6.4.  This  signal  disappeared  when  deuterium  oxide  was  added 
to  the  sample  and  thus  was  assigned  to  the  proton  of  an  hydroxyl 
group.  There  were  no  other  signals  below  x  6.7  and  this  suggested 
that  the  hydroxyl  group  was  tertiary.  The  finding  that  the  alkaloid 
is  resistant  to  acetylation  is  consistent  with  this  observation. 

The  mass  spectrum  of  alkaloid  L.23  confirms  the 

70 

molecular  formula  previously  assigned  and  is  strik- 

ingly  similar  to  that  of  lycodoline  (14a). 
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It  has  previously  been  shown  that  isomeric  lycopodine 
alkaloids  have  similar  mass  spectra.  The  mass  spectra  of 
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lycopodine  (2a)  and  epily copodine  (15a)  are  very  similar  as  are  the 
spectra  of  sauroxine  (96a)  and  a-obscurine  ’  '  (97a).  The 

similarity  of  the  mass  spectra  of  alkaloid  L.23  and  lycodoline  (14a) 
suggest  that  they  are  stereoisomers.  Since  the  infrared  spectrum 
of  alkaloid  L.23  displays  "Bohlmann  bands"  it  must  contain  a  trans- 
quinolizidine  system  as  shown  in  structure  98a.  Thus  alkaloid 
L.23  and  lycodoline  (14a)  are  stereois omeric  at  least  at  C-12  and 


nitrogen.  This  assignment  of  stereochemistry  was  consistent  with 
the  ultraviolet  spectra  of  these  compounds. 

The  ultraviolet  absorption  bands  in  the  region  215-230 
mp  of  a  number  of  lycopodine  type  alkaloids  are  shown  in  table  III. 


pectrum 


100a 

of  lycodoline  (14a)  shows  a 


maximum  at  221  mp  (  e  1  ,500).  This  absorption  band  is  not  present 
in  the  spectra  of  salts  of  lycodoline  and  is  also  absent  in  the  ultra¬ 
violet  spectrum  of  alkaloid  L.23,  which  shows  only  end  absorption 
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Table 


UV  Spectra  of  Lycopodine  Type  Alkaloids 
in  the  Region  215-230  m  p 


Compound 

Solvent 

X  (  s  value) 

Lycopodine  (2a) 

Me  OH 

217  mp  (2  ,400)+ 

Lycopodine  (2a) 

Octane 

217  mp  (2  ,400)+ 

Alkaloid  L.  20  (18) 

MeOH 

220  mp  (2 ,500)+ 

Lycodoline  (14a) 

MeOH 

221  mp  (1  ,  500)+ 

Clavolonine  (3) 

MeOH 

218  mp  (1  ,670)+ 

Flabelliformine  (91) 

MeOH 

228  mp  (inf)  («500)  + 

Epilycopodine  (15a) 

MeOH 

No  maximum 

Lycopodine  lactam  (99a) 

MeOH 

No  maximum 

Alkaloid  L.23  (98a) 

MeOH 

No  maximum 

Epialloly copodine  (100a) 

Dihydr oly copodine  (17) 

MeOH 

No  maximum 

No  maximum 

+ 


Disappears  on  acidification  of  solution. 
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in  this  region.  It  has  been  shown  by  Cookson  and  coworkers 
that  3  - aminoketone s  in  which  the  unshared  pair  on  nitrogen,  the 
a  ,  3  a  -bond  and  the  ^  orbital  of  the  carbonyl  are  parallel 
(structure  101a  illustrates  the  present  case)  give  rise  to  a  non- 
classical  E  .  T .  band  in  the  220-260  m  [1  region  of  the  ultraviolet. 


10!  a 

As  may  be  seen  in  table  III  all  of  the  lycopodine -like  alkaloids  with 
a  carbonyl  group  at  C-5  and  in  which  the  nitrogen  lone  pair  is 
equatorial  to  ring  A  show  an  absorption  band  in  this  region  whereas 
epilycopodine  (15a)  and  alkaloid  L.23  do  not.  Ultraviolet  spectros¬ 
copy  may  therefore  be  used  as  an  adjunct  to  infrared  spectroscopy 
("Bohlmann  bands")  in  assigning  the  configuration  at  the  nitrogen 
in  these  alkaloids.  As  will  be  discussed  later,  optical  rotatory 
dispersion  and/or  circular  dichroism  may  be  used  to  the  same  end. 

In  order  to  establish  that  alkaloid  L.23  differed  from 
lycodoline  (14a)  only  in  the  stereochemistry  at  C-12  and  the  nitrogen 
it  was  necessary  to  establish  a  direct  correlation  between  the  two. 
Dehydration  of  alkaloid  L.23  with  either  phenylphosphonic  dichloride 

in  pyridine  or  with  phosphorus  pentoxide  in  toluene  gave  anhydro- 

2  5  ,  44 

lycodoline  (25a)  ,  isolated  as  its  hydrochloride.  Alkaloid 

L.23  is  the  second  naturally  occurring  alkaloid  of  this  group  to 
possess  the  "epi"  configuration  at  C-12,  the  other  being  sauroxine 
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85 

(96a)  .  Anhydr oly codoline  has  been  transformed  into  lycopodine 

2  5 

(2)  ~~  and  thus  alkaloid  L.23  belongs  to  the  same  enantiomeric 


93a  25a  (-25)  14a 

After  this  work  had  been  completed  Rodewald  and 
75 

Grynkiewicz  published  structure  98a  for  pseudoselagine .  This 
structural  assignment  was  based  mainly  on  the  similarity  of  its  mass 
spectrum  to  that  of  lycodoline  .  No  direct  correlation  of  the  two 
compounds  was  reported. 

Both  alkaloid  L.23  (98a)  and  lycodoline  (14a)  have  a 
functional  group  instead  of  a  hydrogen  atom  at  C-12  and  therefore 
might  be  expected  to  differ  in  their  mass  spectral  fragmentation 
from  lycopodine  which  was  previously  discussed.  An  examination 
of  the  spectra  shown  in  figure  14  reveals  a  far  more  complex 
fragmentation  than  lycopodine.  A  rationalization  of  the  fragmentation 
of  alkaloid  L.23  upon  electron  impact  is  shown  in  scheme  VII. 
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Scheme  VII 
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Figure  14  Mass  Spectrum  of  (a)  alkaloid  L.23 

(b)  lycodoline 

2(b).  Absolute  Configuration  of  Alkaloid  L.2  3 

The  absolute  configuration  of  lycopodine  (2)  was  assigned 
86  ,  46  87 

by  application  ’  of  the  octant  rule  and  the  axial  haloketone 
2  9 

rule  7.  Lycopodine  (2a)  shows  a  positive  Cotton  effect  (table  IV) 
associated  with  the  n— »  tt  *  transition  of  the  keto  group  (figure  15a). 


This  would  predict  that  the  absolute  configuration  of  lycopodine 
should  be  as  shown  in  2a  corresponding  to  the  octant  diagram  2b. 
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Table  IV 


Cotton  Effects  for  Some  Lycopodium  Alkaloids 


Compound 

Rotatory  Dispersion 
Molecular  Amplitude* 

Circular'  Dichroism 
Molecular  Ellipticity 
(wavelength) 

Lycopodine 

203 

11  ,700  (288  mp  ) 

-16  ,200  (223  mp  ) 

Lycopodine  •  HC1 

-28  ! 

-2  ,050  (290  mp  ) 

Ly  codoline 

198 

10  ,900  (292  mp  ) 

-16 ,350  (230  mp  ) 

Lycodoline  •  HC1 

-39 

-2 ,580  (288  mp  ) 

Epilycopodine** 

-51  ! 

Epilycopodine  •  HC1 

-36  ! 

Alkaloid  L .  23 

-68 

-4,230  (287  mp) 

Alkaloid  L.  23  •  HC1 

-32 

-2  ,470  (292  mp  ) 

*  The  symbol  !  indicates  that  the  extremum  of  shorter 
wavelength  was  not  accurately  measured. 

**  Values  taken  from  reference  25. 
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2b 


Likewise  lycodoline  (14)  shows  a  positive  Cotton  effect 
(figure  15c)  and  therefore  should  have  the  absolute  configuration 
shown  in  14a  corresponding  to  the  octant  diagram  14b.  This 
assignment  of  the  same  absolute  configuration  to  both  lycopodine 
(2a)  and  lycodoline  (14a)  is  consistent  with  the  fact  that  lycodoline 


(14a)  has  been  converted  into  lycopodine  (2a)  by  Ayer  and  Iverach 
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14b 

It  has  been  shown  above  that  alkaloid  L.23  and  lycopodine 
(2a)  belong  to  the  same  enantiomeric  series,  therefore  alkaloid  L.  23 
must  have  the  absolute  configuration  shown  in  40a.  The  octant 
diagram  corresponding  to  40a  is  shown  in  40b.  The  octant  rule 
predicts  a  positive  Cotton  effect  for  alkaloid  L.23.  Alkaloid  L.23 
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40a  40b 

however  shows  a  negative  Cotton  effect  (table  IV)  (figure  15c). 

The  salts  of  alkaloid  L.23  also  show  a  negative  Cotton 
effect  (figure  1  5f )  ,  although  of  lesser  magnitude  than  that  of  the  free 
base.  In  the  case  of  lycopodine  (2a)  and  lycodoline  (14a)  ,  salt 
formation  causes  a  reversal  of  the  sign  of  the  Cotton  effect  ^  ^ 

(figures  15b  and  1  5d) .  Epily copodine  (15a  -  15)  (octant  diagram  15b), 
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15  b 

like  alkaloid  L.23  ,  shows  a  negative  Cotton  effect  for  both  the  salt 
and  the  free  base  (table  IV).  It  appears  therefore  that  the  sign  of 
the  Cotton  effect  depends  on  the  configuration  at  C-12  and  nitrogen 
and  only  in  the  case  of  the  free  bases  with  the  lycopodine  configuration 


does  the  octant  rule  correctly  predict  the  sign  of  the  Cotton  effect. 

Circular  dichroism  measurements  (table  IV)  show  that 
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Figure  15 

ORD  spectrum  of 

(a)  lycopodine 

(b)  lycopodine  •  HC1 

(c)  lycodoline 

(d)  lycodoline  *HC1 

(e)  alkaloid  L.23 

(f)  alkaloid  L.23- HC1 
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lycopodine  displays  two  Cotton  effects  above  200  mp,  ,  a  positive 

Cotton  effect  centered  at  288  m  p.  associated  with  the  n  — >  it* 

transition  and  a  negative  Cotton  effect  centered  at  223  m[l  associated 

with  the  a  -coupled  tt  interaction  discussed  above  (figure  ]  6a) . 

The  large  negative  rotation  at  250  mp.  (-15,000°)  in  the  ORD 

(figure  15a)  is  thus  the  result  of  the  overlapping  of  the  troughs  of 

the  two  Cotton  curves.  Protonation  of  the  nitrogen  removes  the 

shorter  wavelength  Cotton  effect  in  the  CD  curve  and  the  one  at 

longer  wavelength  becomes  negative  (figure  1  6b) .  The  CD  curve 

for  alkaloid  L.23  shows  a  single,  negative.  Cotton  effect  (figure  16c). 

It  is  thus  obvious  that  the  octant  rule  cannot  be  safely  applied  in 

these  cases  at  least  until  the  effect  of  nitrogen,  charged  and 

uncharged,  is  fully  understood.  The  argument  used  previously  in 

29 

the  case  of  lycopodine  ,  i.e.  ,  that  charged  nitrogen  makes  an 
anti-octant  contribution,  does  not  explain  the  negative  Cotton  effect 
observed  for  alkaloid  L.23  and  epilycopodine  . 

It  is  now  necessary  to  consider  the  possibility  that 
lycopodine  (2a)  and  not  epilycopodine  (15a)  is  the  anomalous  case  and 
that  the  absolute  configurational  assignment  should  be  reversed. 
Lycopodine  (2a)  is  the  system  which  shows  the  unusual  charge  trans¬ 
fer  band  and  it  is  conceivable  that  the  octant  rule  may  not  apply  to 
such  a  system.  The  following  observations  lead  to  the  belief  that 
the  originally  assigned  configuration  is  correct.  Both  6a  -bromo- 
lycopodine  (102a)  and  its  hydrobromide  show  Cotton  effects  which 
are  much  more  positive  than  those  of  the  corresponding  unbrominated 
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Figure  16 


CD  spectrum  of 

(a)  lycopodine 

(b)  lycopodine  *HC1 

(c)  alkaloid  L.23 

(d)  alkaloid  L.23-HC1 
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Application  of  the  axial  haloketone  rule  should  be 
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independent  of  the  effect  of  the  nitrogen.  Application  of  the  Horeau 
89 

method  to  dihydr oly copodine  (17a)  and  a -dihydr olycopodine  (103a) 
gives  results  in  agreement  with  the  absolute  configuration  por¬ 


trayed  ^  .  The  absolute  configurations  of  annotinine  ^  (1)  , 
annopodine  ^  (104)  and  alopecurine  (80a)  have  been  determined, 
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the  latter  two  by  the  X-ray  method,  and  although  they  have  different 
skeletons  they  belong  to  the  same  absolute  stereochemical  series  as 
that  assigned  to  lycopodine. 

It  has  been  suggested  by  Curcumelli-Rodostamo  and 

91 

MacLean  that  flabelliformine  exists  in  conformation  91a  rather 
than  91b  since  the  hydroxyl  group  is  intr amolecularly  hydrogen 
bonded  (3560  cm  ^  absorption  in  the  infrared,  not  displaced  on 
dilution)  and  it  is  inferred  from  the  position  of  the  carbonyl  group 
(1705  cm  in  the  infrared  spectrum  (CHCl^)  that  this  hydrogen 
bonding  involves  the  nitrogen  as  receptor  rather  than  the  carbonyl. 


Since  ORD  ,  CD  and  uv  measurements  appear  to  offer  a 
means  of  determining  the  orientation  of  the  lone  pair  on  the  nitrogen 
in  this  system,  the  spectra  of  flabelliformine  have  been  examined. 
The  ultraviolet  spectrum  (table  III)  shows  an  inflexion  at  228  mji, 

A  much  clearer  indication  of  the  presence  of  this  chromophore  is 
obtained  from  the  CD  spectrum  (MeOH)  (figure  17a)  which  shows  a 
strong  (  0  =  -  18,000)  negative  Cotton  effect  at  225  mji  in  addition 
to  a  positive  Cotton  effect  (9  =  +8 ,600)  at  293  mji  .  The  CD 

spectrum  is  very  similar  to  that  of  lycopodine  and  lycodoline 
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(table  IV).  The  ORD  spectrum  (figure  18a)  (extrema  31  6  m  p 
(  +  2,250)  and  257  mp  (-13,500°))  is  also  similar  to  that  of  ly  copodine . 


Flabelliformine  hydrochloride  shows  a  negative  Cotton  effect 
(figures  17b  and  18b).  It  thus  appears  that  in  methanol  solution  at 
least  flabelliformine  exists  mainly  in  conformation  91b. 


shows  a  strong  positive  Cotton  effect  (a  -  +13,300).  This  suggests 
that  conformation  25a  makes  an  important  contribution  to  the 
description  of  the  stereochemistry  of  anhydroly codoline  .  Conform- 


Q 


25  a 

ation  25b  was  previously  assigned 


25b 


on  the  basis  of  the  "Bohlmann 


bands"  present  in  the  infrared  spectrum.  An  explanation  for  these 
discrepancies  may  be  that  in  both  flabelliformine  and  anhydrolyco- 
doline  the  infrared  assignments  were  made  on  spectra  determined 
in  aprotic  solvents  and  the  ORD  and  CD  measurements  were  made  in 
protic  solvents. 

3.  Structure  of  Lucidioline 


The  presence  of  a  trisubstituted  double  bond  in  lucidioline  , 
Cf  &H2 5NO2  j  was  evident  from  the  1678  cm‘^  band  in  the  infrared 


spectrum  and  the  one  proton  doublet  at  t4.37  in  the  nuclear 
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Figure  17 
CD  spectrum  of 

(a)  flabelliformine 

(b)  flabelliformine  •  HC1 


Figure  18 


ORD  spectrum  of 

(a)  flabelliformine 

(b)  flabelliformine  •  HC1 
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magnetic  resonance  spectrum.  This  was  confirmed  by  hydrogena¬ 
tion  over  Adams'  catalyst  in  methanol  solution  which  resulted  in 
the  consumption  of  one  mole  of  hydrogen  to  give  predominantly  the 
dihydro  compound,  mp  247-251  .  Acetylation  of  lucidioline  in 

acetic  anhydride  and  pyridine  gave  a  mixture  of  products  which  could 
not  be  purified.  However  ,  the  dihydro  compound  under  the  same 
acetylating  conditions  gave  O  ,0-diacetyldihydro  compound, 

C20H3  iNO^  ,  which  showed  no  OH  or  NH  absorption,  strong 
"Bohlmann  bands"  and  a  strong  1735  cm  ^  absorption  in  the  infrared 
spectrum  (CCl^).  This  result  indicates  that  the  two  oxygen  atoms 
in  lucidioline  are  present  as  hydroxyl  groups  ,  the  nitrogen  is 
tertiary  and  the  dihydro  compound  contains  a  tr ans -quinolizidine 
system . 

The  mass  spectrum  of  lucidioline  proved  to  be  very 
informative.  The  base  peak  in  the  spectrum  at  m/e  203 
corresponds  to  the  ion  C^H  N  7,  as  shown  by  high  resolution 
measurements.  An  intense  metastable  peak  centered  at  156.8 
indicates  that  the  ion  m/e  203  is  formed  directly  from  the  molecular 
ion  (calcdfor  263  — >  203;  156.5).  This  corresponds  to  the  loss  of 

C^H^O^  and  indicates  that  the  two  hydroxyl  groups  are  on  adjacent 
carbon  atoms. 

The  configuration  of  these  two  adjacent  hydroxyl  groups 
was  evident  from  an  examination  of  the  nuclear  magnetic  resonance 
spectrum  of  the  O  , O -diacetyldihy dr o  compound.  This  spectrum 
has  a  doublet  at  T5.06  (J  =  7  cps)  and  abroad  singlet  at  t5.45 
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( W 1/2,  =  ^  CPS)  anc^  is  consistent  with  a  structure  in  which  the 
hydrogens  geminal  to  each  acetoxy  group  are  equatorial  as  shown 
in  structure  105a.  The  same  splitting  pattern  is  present  in 
acetyllycoclavine  (106a)  which  is  known  to  have  two  axial  acetoxy 


78 

groups 


AcO 


105a 


The  mass  spectrum  of  the  dihydro  compound,  mp  247- 

o 

251  ,  was  very  similar  to  the  spectrum  of  desacetyllycoclavine 

o  7ft 

(107a)  ,  mp  207-208  .  This  observation  together  with  the  fact 

that  the  O  ,0-diacetyldihydro  compound  shows  "Bohlmann  bands" 
led  to  the  postulate  that  the  dihydro  compound  was  1  2 -epi-des acetyl¬ 
lycoclavine  (108a). 


108a 

In  order  to  prove  this  postulate  it  was  decided  to 


synthesize  1  2 -epi-de sacetyllycoclavine  (108a).  As  was  previously 
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noted,  lycopodine  (2a)  has  been  converted  into  alkaloid  L.20  (18a) 
and  alkaloid  L.20  reduced  with  lithium  aluminum  hydride  to  give 
des acetyllycoclavine  (107a)  .  A  similar  reaction  sequence 

starting  with  epily copodine  (15a)should  lead  to  1  2 -epi-des acetyllyco¬ 
clavine  (108a).  Epilycopodine  (15a)  is  not  a  naturally  occurring 


alkaloid  and  is  obtained  by  synthesis  from  other  suitably  substituted 

25 

alkaloids.  Ayer  and  Iverach  ~  prepared  epilycopodine  (15a)  from 
lycodoline  (14a)  in  50%  yield  by  the  sequence  (14a  — >  25a  — *•  15a+  2a). 
However  ,  application  of  this  reaction  sequence  gave  small  yields  of 
epilycopodine  (15a)  (10-20%)  and  because  the  supply  of  lycodoline 
was  limited  the  method  was  abandoned. 


+  2a 


A  reasonable  supply  (1.8  g)  of  acrifoline  (36b  =  36)  was 


available  and  so  synthetic  routes  to  epilycopodine  starting  from  this 
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o  7 

alkaloid  were  investigated.  Anet  obtained  a  90%  yield  of  dihydro- 
acrifoline  (109a)  by  catalytic  hydrogenation  of  acrifoline  (36b). 

Dihydr oacrifoline  (109a)  has  the  same  stereochemistry  at  C-12  as 
epilyc opodine  (15a)  and  so  this  transformation  was  carried  out.  The 


next  problem  was  to  remove  the  keto  group  at  C-8.  Anet  has 
shown  that  under  equilibrating  conditions  the  boat  form  of  acrifoline 
(36b)  is  in  equilibrium  with  the  chair  form  36a  and  it  is  reasonable 
to  expect  that  the  same  equilibrium  exists  in  dihydr  oacrifoline 
(109a  ^ — -  109b).  The  main  product  from  the  Barton  modification 
of  the  Wolff -Kishner  reduction  of  dihydr  oacrifoline  (109a)  was 
dihydr oepiallolycopodine*  (110a)  possessing  the  unnatural  and 
undesired  configuration  of  the  methyl  group  at  C-15.  The  structure 
of  dihydr oepiallolycopodine  (110a)  was  established  by  oxidation  with 
Jones  1  reagent  to  give  epialloly cop odine  (111a)  which  was  different 
from  both  lycopodine  (2a)  and  epilycopodine  (15a). 


'i' 


Epiallolycopodine  is  the  name  of  12-epi-l  5-allo-  lycopodine 

(110a). 
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109b  109a  110a 

The  molecular  formula  of  epiallolycopodine  (111a), 
C^H9^NO,  was  confirmed  by  high  resolution  mass  spectrometry. 
The  mass  spectra  of  these  three  isomers  (2a,  15a  and  111a)  are  all 


very  similar.  The  infrared  spectrum  of  epiallolycopodine  displays 

"Bohlmann  bands"  and  a  carbonyl  at  1700  cm’^.  The  chemical 

shift  of  the  methyl  group  in  the  nuclear  magnetic  resonance  spectrum 

of  epiallolycopodine  is  at  x9.20  ,  further  upfield  than  the  methyl 

group  in  either  lycopodine  (2a)  or  epily copodine  (15a.)  both  of  which 

occur  at  T  9.14.  This  is  what  would  be  predicted  from  inspection 

of  molecular  models.  The  methyl  group  is  more  shielded  by  the 

carbonyl  group  in  Ilia  than  in  either  2a  or  15a. 

94 

Oppenauer  oxidation  of  dihydr oacrifoline  (109a)  gave 

9  5 

a  diketone  which  Iverach  has  shown  to  have  the  chair  form  112a. 
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112  a  II 3  a  15a 

The  transformation  of  C-5  from  a  tetrahedral  to  a 
trigonal  arrangement  (oxidation  of  the  hydroxyl  to  the  ketone) 
removes  the  axial  hydroxyl  -  C(15)  interaction.  The  methyl  group 
at  C-15  can  epimerize  under  the  basic  conditions  of  the  Oppenauer 
reaction  leading  to  the  diketone  112a  with  ring  D  in  a  chair  conform¬ 
ation.  Thioketalization  of  112a  at  room  temperature  gave  a  mixture 
of  products.  This  mixture  was  not  purified  but  desulfurized  with 
Raney  nickel.  The  Raney  nickel  (W -2)  also  partially  reduced  the 
carbonyl  group  at  C-5,  so  in  order  to  facilitate  the  chromatographic 
separation  of  this  reduced  mixture  it  was  oxidized  with  Jones' 
reagent.  In  the  thioketalization  a  reaction  time  of  36  hours  was 
found  to  give  the  best  yield  of  the  monoethylenethioketal  (113a)  as 
indicated  by  the  highest  yield  of  epily copodine  in  the  final  workup. 
Even  under  these  optimum  conditions  the  amount  of  epily  copodine 
was  only  12%  of  the  starting  diketone  112a.  This  was  insufficient 
to  continue  with  the  proposed  synthesis  of  1 2 -epi-desacetyllyco- 
clavine  (108a). 

A  different  approach  to  the  synthesis  of  1  2-epi-desacetyl- 
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lycoclavine  (108a)  was  now  attempted.  Alkaloid  L.23  hydrobromide 

(114a)  was  brominated  with  phenyltr  im  ethyl  ammonium  perbromide 

to  give  a  compound  to  which  structure  115a  is  assigned.  This  labile 

bromination  compound  was  not  purified  but  immediately  dissolved 

in  aqueous  sodium  bicarbonate.  The  structure  115a  is  assigned  to 

this  compound  by  analogy  to  the  bromination  of  lycopodine  which 

29 

is  known  to  give  6  a  -bromolycopodine  (102a).  Compound  115a  was 
stirred  in  aqueous  sodium  bicarbonate  in  an  attempt  to  obtain  6  a  - 
hydroxy-  12 -epi-ly codoline  (11  6a).  Compound  11  6a  can  hypothetically 
be  converted  into  1 2 -epi-des acetylly coclavine  (108a)  by  way  of 
compound  117a. 


However,  when  compound  115a  was  stirred  in  aqueous 
sodium  bicarbonate  for  12  hours  ,  compound  11  6a  was  not  obtained, 
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instead  a  compound  mP  154-156°,  ir  (CCl^)  1780  cm 

was  obtained  which  is  tentatively  assigned  structure  118a.  This 
compound  may  be  formed  by  a  Favorski  rearrangement  of  the 
a-bromo-ketone  115a  to  give  an  acid  which  can  lactonize  to  form 

118a. 

At  this  stage  the  synthesis  of  12-epi-desacetyllycoclavine 
(108a)  was  abandoned  and  the  structural  elucidation  of  lucidioline 
approached  in  a  different  way. 

As  was  noted  above  hydrogenation  of  lucidioline  over 

platinum  in  methanol  gave  a  product  which  consisted  of  two  components. 

The  minor  component  could  not  be  isolated  in  pure  form  and  was 

initially  thought  to  be  unreacted  starting  material  (similar  R^)  ,  but 

careful  examination  on  thin-layer  chromatography  showed  it  to  be 

78 

indistinguishable  from  de s acetyllycoclavine  (107a)  .  When  the 

hydrogenation  was  carried  out  in  the  presence  of  perchloric  acid, 
the  same  two  components  were  obtained  but  now  in  approximately 
equal  amounts.  The  two  were  separated  by  chromatography.  The 
component  of  higher  R|  value  proved  to  be  identical  with  desacetyl- 
lycoclavine  (107a)  ,  establishing  that  lucidioline  is  a  dehydro  de  s  acetyl- 
lycocl  avine  .  Since  the  double  bond  in  lucidioline  is  trisubstituted 

and  since  the  methyl  group  is  not  located  on  the  double  bond  (chemical 
shift  in  nuclear  magnetic  resonance  spectrum),  only  the  11  ,12-  or 
the  3,4-positions  are  possible  for  the  double  bond.  The  second 
product  formed  in  the  hydrogenation  is  isomeric  with  de s acetyllyco - 
clavine  (107a).  As  was  previously  noted,  acetylation  gave  an 
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O  ,0-diacetylderivative  with  prominent  "Bohlmann  bands"  in  the 
infrared  spectrum,  indicative  of  the  presence  of  a  tr  ans -quinolizidine 
system  in  this  compound.  This  indicates  that  the  dihydro  compounds 
are  epimeric  at  C-12  (and  at  nitrogen)  and  identifies  this  carbon  as 
one  terminus  of  the  double  bond.  Lucidioline  thus  has  structure  119a 
and  the  two  hydrogenation  products  are  de sacetyllycoclavine  (107a) 
and  1 2 -epi-des  acetyllycoclavine  (108a). 


OH 

Lucidioline 
1 19a 

The  mass  spectrum  of  lucidioline  (figure  19)  is  dominated 
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by  the  base  peak  (m/e  203).  A  rationalization  of  the  fragmentation 
of  lucidioline  upon  electron  impact  is  shown  below: 


OH 

OH 


m/e  202 


m/e  203 
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EXPERIMENTAL 

PART  II 

Isolation  of  the  Total  Crude  Alkaloids* 

Finely  ground  plant  (5.1  kg)  was  extracted  for  three  days 
with  methanol  in  a  Soxhlet  extractor.  Most  of  the  methanol  was 
removed  by  evaporation  and  the  residue  digested  with  aqueous 
hydrochloric  acid  (6%  by  volume)  and  filtered.  The  insoluble 
portion  was  then  digested  with  hydrochloric  acid  (10%  by  volume) 
and  again  filtered.  The' filtr ates  were  combined  and  washed  with 
ether  ,  then  basified  to  pH  10-31  with  ammonium  hydroxide  and 
extracted  with  chloroform.  The  dried  (Na2CO^)  chloroform 
extract  was  evaporated  under  reduced  pressure  and  gave  the  total 
crude  alkaloids  (55.6  g) . 

Separation  of  Alkaloids  into  Weak  and  Strong  Bases 

The  total  crude  alkaloids  (55.6  g)  were  dissolved  in 
aqueous  hydrochloric  acid  (10%)  and  a  saturated  solution  of  disodium 
hydrogen  phosphate  was  added  until  the  solution  had  pH  6.5.  This 
solution  was  extracted  several  times  with  methylene  chloride. 
Evaporation  of  the  dried  (Na?CO  )  extract  gave  the  "weak  bases" 

(44  g) .  The  pH  of  the  aqueous  solution  was  then  raised  to  about  10 

*  The  isolation  was  carried  out  by  Mr.  J.  McCutcheon  using 

L.  lucidulum  Michx.  collected  near  Fredericton,  New  Brunswick, 


by  Mr.  M.  A.  Stillwell. 
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by  the  addition  of  ammonium  hydroxide.  Extraction  with  chloroform 
gave  the  "strong  bases"  (11.0  g). 

Isolation  of  the  Alkaloids  from  the  "Strong  Bases" 

The  "strong  bases"  (35  g)  of  L.  lucidulum  were  subjected 
to  a  seven  funnel  countercurrent  distribution  between  chloroform 
(400  ml  fractions,  moving  phase)  and  potassium  hydrogen  phthalate 
buffer  (pH  5)  (400  ml).  After  completion  of  the  distribution,  each 
fraction  was  made  strongly  basic  (pH  >  11)  with  ammonium 
hydroxide  and  extracted  into  chloroform:  fraction  1  ,  4.3  g; 
fr action  2  ,  4 .  1  g;  fr action  3  ,  5.6  g;  fr action  4  ,  2.6  g;  fr action  5  , 

1  .  6  g;  fr  action  6  ,  3 . 0  g;  fr  action  7,  13  g.  Total  of  34.2  g 
recovered. 

Fraction  3  was  subjected  to  chromatography  over  alumina 

(activity  II  -  III ,  170  g) .  Elution  with  benzene  (200  ml)  and  benzene- 

ether  (1:1  ,  500  ml)  gave  after  evaporation  of  the  solvents  lycopodine 

(2)  (0.4  g)  identical  with  an  authentic  sample.  Elution  with  ether 

(500  ml)  gave  a  mixture  (0.23  g)  of  two  components  which  after 

o 

recrystallization  from  acetone  melted  at  183-184  .  The  infrared 
spectrum  of  this  mixture  was  the  same  as  that  of  the  1:1  molecular 

T  6 

complex  of  lycopodine  and  flabellif ormine  reported  by  Berezowsky 
The  components  were  separated  by  preparative  tic  and  found  to  be 
identical  with  authentic  samples  of  lycopodine  and  flabellif  ormine 
(91).  Elution  with  ether  -  chlor  of  orm  (500  ml)  and  chloroform  (500 
ml)  gave  crystals  after  the  solvents  had  been  removed  by  evaporation. 
These  crystals  contained  two  components  which  were  separated  by 
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fractional  crystallization  .  The  first  compound  to  crystallize 

out  of  the  hot  acetone  solution  was  shown  to  be  identical  with  lyco- 

doline  (14),  mp  180-181°.  The  other  component  was  obtained  from 

the  mother  liquor  and  re cr y stallized  from  a  small  volume  of  acetone  , 

mp  163-164°,  both  alone  and  when  admixed  with  an  authentic  sample 

of  alkaloid  L.23  (98a)  provided  by  L.  Marion.  The  infrared  spectra 

of  the  two  were  super impos able  .  An  analytical  sample  of  alkaloid 

L.23  was  prepared  by  recrystallization  from  acetone,  mp  163.5- 
o 

164  .  Calcd  for  Cq^H^yNO^:  molecular  weight  263.1885.  Found: 
263.1888  (mass  spectrometry);  [a]p^  "43°  (c  >  0.13,  EtOH);  ir 
(Nujol)  3530,  1682,  and  1405  cm~ 1 ;  ir  (CHCI3)  3510,  2870,  2820, 
2760,  2680  ("Bohlmann  bands")}  1690,  and  1410  cm’^;  nmr  (CDCl^) 
t  6 . 41  ( 1H  ,  s  ,  absent  in  presence  of  D^O)  and  9.03  (3H,  poorly 
resolved  doublet);  mass  spectrum  m/e  1  52  (67);  190  (100);  192  (45); 

206  (33);  218(25);  220  (36);  235  (21  ,  Cj  5H25N02),  246  (76);  263 

(100,  C25H25NO2),  prominent  metastable  peaks  at  m/ e  230,  210  and 
184. 

Alkaloid  L.23  hydroperchlorate  was  prepared  in  the 

o 

usual  way  and  recrystallized  from  acetone -methanol ,  mp  287-290 

o  70 

(dec,  literature  value  300  )  ;  ir  (Nujol)  3450,  3100,  1700,  and 

140  5  cm-  1  . 

Elution  with  chloroform-methanol  (4:1)  gave  a  fraction 
which  when  evaporated  gave  crystals  that  were  not  further  purified; 
ir  (Nujol)  3200,  1665,  and  1630  cm ~  ^ ;  uv  (Me OH)  280  my  (  e  5,000); 
uv  (MeOH-NaOH)  335  my  (e  3,000).  The  infrared  and  ultraviolet 
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spectra  of  this  very  polar  compound  were  identical  with  the  corres¬ 
ponding  spectra  of  the  diosphenol  (92)  from  alkaloid  L.20  prepared 
77 

by  Law 


Chromatography  of  countercurrent  distribution  fraction 
6  (3,0  g)  over  alumina  (100  g)  and  elution  with  benzene-ether  (250 
ml)  gave  on  evaporation  of  the  solvent  a  mixture  of  two  alkaloids 
(0.38  g) .  This  mixture  was  dissolved  in  methanol  (5  ml),  sodium 
borohydride  (0.2  g)  added  and  the  solution  allowed  to  stand  over¬ 
night.  The  methanol  was  evaporated  and  the  residue  dissolved  in 
water  and  extracted  with  chloroform.  The  dried  (MgSO^)  chloro¬ 
form  solution  was  evaporated  and  the  residual  oil  (0.35  g)  adsorbed 

on  basic  alumina  (10  g) .  Elution  with  benzene  (50  ml)  gave  ,  on 

o 


evaporation  of  the  solvent,  crystals,  mp  117-118  both  alone  and 

when  mixed  with  an  authentic  sample  of  lycodine  (5).  Comparison  of 

infrared  spectra  confirmed  the  identity.  Elution  with  ether  gave  on 

evaporation  of  the  solvent  a  solid  which  was  recrystallized  from 

ether,  mp  167-168°.  This  compound  was  shown  by  mixture  melting 

point  and  comparison  of  infrared  spectra  to  be  identical  with  dihydro- 

77 

lycopodine  (17)  prepared  by  Law 

Further  elution  of  fraction  6  with  chloroform -methanol 

gave  on  evaporation  of  the  solvent  a  compound  (32  mg)  ,  called 

lucidioline  (119a),  mp  230-233°.  Lucidioline  was  found  by  mixture 

melting  point  and  comparison  of  infrared  spectra  to  be  identical 

78 

with  a  compound  previously  obtained  by  Law  from  L.  clavatum 
var  .  megastachyon .  An  analytical  sample  of  lucidioline  was 
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prepared  by  r e cry stalliz ation  from  methanol.  Calcd  for 
molecular  weight  263.1885.  Found:  263.1  885  (mass  spectrometry); 
ir  (Nujol)  3400,  3100,  and  1678  cm  ^  ,  no  carbonyl;  nmr  (CD^COOD) 

i 

x  4.37  (1H,  d,  J  =  5  cps  ,  CH-C)  and  9 . 05  (3H  ,  d  ,  J  =  6  cps  ,  CH3-CH); 
mass  spectrum  m/e  160  (10),  188  (13),  202  (26,  C^H^qN),  203 

(100,  Cj^H^N)  ,  245  (8),  263  (30,  C^H^NO^),  metastable  peaks 
at  m/e  156.8  and  174. 5 . 

Lucidioline  hydroperchlorate  was  prepared  in  the  usual 
way  and  recrystallized  from  methanol,  mp  238-240°  (dec). 

Attempted  Acetylation  of  Alkaloid  L.23  (98a) 

Alkaloid  L.2  3  (30  mg)  was  dissolved  in  pyridine  (1  ml). 
Acetic  anhydride  (1  ml)  was  added  and  the  temperature  of  the  solution 
was  kept  at  98°  for  17  hours.  The  solvent  was  removed  under 
reduced  pressure  and  the  residue  dissolved  in  chloroform.  The 
chloroform  solution  was  washed  with  aqueous  sodium  hydroxide  (5%)  , 
dried  (MgSO^)  and  evaporated.  The  crystalline  residue  was  recry¬ 
stallized  from  acetone  (21  mg),  mp  162-164  unchanged  on  admix¬ 
ture  with  alkaloid  L.23.  The  value  and  the  infrared  spectrum 
confirmed  the  identity  of  this  compound. 

Dehydration  of  Alkaloid  L.23  (98a) 

Alkaloid  L.23  (60  mg)  was  dissolved  in  pyridine  (4  ml) 

containing  phenylphosphonic  dichloride  (4  ml)  and  the  solution  was 
o 

heated  to  60  for  17  hours.  The  reaction  mixture  was  cooled  and 
poured  onto  ice.  The  resulting  solution  was  made  basic  by  the 
addition  of  sodium  hydroxide  pellets  and  then  extracted  several 
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times  with  chloroform.  Evaporation  of  the  dried  (MgSO^)  chloroform 
left  an  oil  (40  mg)  which  showed  two  spots  on  tic  ,  one  corresponding 
to  starting  material  and  the  other  to  anhydr olycodoline  (25). 
Chromatography  over  alumina  and  elution  with  benzene  gave  an  oil 
(ca.  2  mg)  which  with  hydrogen  chloride  in  methanol  gave  crystals 
of  anhydr  olycodoline  hydrochloride,  mp  273-275°  (dec).  The  infra¬ 
red  spectrum  was  identical  with  that  of  an  authentic  sample.  The 

ORD  spectrum  of  the  free  base  was  virtually  identical  with  that  of 

2  5 

anhydr  olycodoline  prepared  by  dehydration  of  lycodoline 

Further  elution  of  the  chromatogram  with  benzene -ether 
and  ether  gave  first  a  mixture  of  anhydroly codoline  and  alkaloid  L.23 
(ca .  10  mg)  and  then  alkaloid  L.23  (20  mg) . 

The  dehydration  was  also  accomplished  by  heating 
alkaloid  L.23  in  toluene  in  the  presence  of  phosphorus  pentoxide  . 

In  this  case  ,  the  yield  of  anhydr  olycodoline  was  again  poor  and  very 
little  starting  material  was  recovered. 

Hydrogenation  of  Lucidioline  (119a) 

Lucidioline  (50  mg)  in  methanol  (50  ml)  was  hydrogenated 
over  Adams'  catalyst  (25  mg)  at  50  psi  for  3  hours.  After  the 
catalyst  and  solvent  were  removed  the  product  (50  mg)  solidified. 
Thin-layer  chromatography  indicated  the  presence  of  a  major  and 
a  very  minor  component.  The  major  component  (40  mg)  was  isolated 
by  crystallization  from  acetone -methanol  and  after  sublimation  (140°, 
0.5  mm  Hg)  melted  at  247-251°;  ir  (Nujol)  3420  cm-^  ,  no  carbonyl, 


no  double  bond;  mass  spectrum  m/e  205  (21)  ,  208  (100)  ,  222  (8)  , 
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248  (4)  ,  and  265  (15,  parent  peak) .  Calcdfor  ^H  NC^:  mole¬ 
cular  weight  265.  This  compound  (108a)  was  further  characterized 
as  its  diacetyl  derivative  (below) . 

The  mother  liquors  from  the  crystallization  were 
separated  by  preparative  tic.  The  minor  component  could  not  be 
obtained  in  crystalline  form.  Its  tic  behaviour  was  identical  with 
that  of  de s acetylly coclavine  (107a). 

Hydrogenation  of  Lucidioline  Hydroperchlorate 

Lucidioline  (119a)  (47  mg)  in  methanol  (50  ml)  containing 
70%  perchloric  acid  (2  drops)  was  hydrogenated  over  Adams'  catalyst 
(25  mg)  at  50  psi  for  3  hours.  After  the  catalyst  was  removed  and 
the  solution  concentrated,  aqueous  ammonia  was  added  and  the 
solution  extracted  with  chloroform.  Evaporation  of  the  chloroform 
gave  a  semicrystalline  solid  (45  mg)  comprising  two  components  in 
approximate  equal  amounts  (determined  by  tic).  Separation  w as 
achieved  by  chromatography  over  basic  alumina  (2  g)  using  ethyl 
acetate  (20  ml  fractions)  as  the  eluting  solvent.  Fractions  3  to  5 
were  homogeneous  on  tic  and  crystallized  to  give  desacetyllycoclavine 

(107a)  (8  mg)  identical  (mp,  mmp  ,  infrared  spectrum,  mass  spectrum, 

78 

tic  behavior)  with  an  authentic  sample  .  Fractions  6  and  7  (15  mg) 
contained  both  components.  Fractions  8  to  20  yielded  19  mg  of  the 
1 2  -  epi -de  s  acetylly  coclavine  (108a)  previously  obtained  by  hydrogen¬ 
ation  of  lucidioline  . 

Attempted  Acetylation  of  Lucidioline  (119a) 

Lucidioline  (18  mg)  was  dissolved  in  pyridine  (2  ml). 
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Acetic  anhydride  (2  ml)  was  added  and  the  solution  kept  at  room 
temperature  for  23  hours.  The  solvents  were  removed  by  evapor¬ 
ation  and  the  residue  dissolved  in  chloroform.  The  chloroform 
solution  was  washed  with  aqueous  sodium  hydroxide  (5%)  ,  dried 
(MgSO  t)  ,  and  evaporated.  The  residual  oil  (20  mg)  showed  two 
spots  on  tic  of  equal  intensity  and  similar  R£  value.  Chromatography 
of  this  mixture  over  alumina  (1  g)  (elution  with  benzene)  was 
unsuccessful  in  separating  the  components.  The  ir  spectrum  (CHCI3) 
of  the  mixture  showed  weak  hydroxyl  absorption,  a  single  carbonyl 
absorption  at  1735  cm"''  and  a  strong  "acetate  band"  at  1230  cm  ^  . 

The  nmr  spectrum  (CDCl^)  of  the  mixture  showed  four  C -methyl 
peaks  (x  9.06-9.14)  and  three  acetate-methyl  peaks  (t  7.92-7.98). 
Signals  at  t  4.6,  5.0,  5.25,  and  6 . 2  were  also  present  in  the  nmr 
spectrum.  These  results  indicated  that  the  mixture  was  probably 
composed  of  the  mono-  and  di- acetyllucidioline  .  The  mixture  was 
reacetylated  under  the  same  conditions  for  2  days  but  the  composition 
remained  unchanged. 

Acetylation  of  Dihydr olucidioline  (108a) 

Dihydr olucidioline  (36  mg)  was  kept  in  a  mixture  of 
pyridine  (2  ml)  and  acetic  anhydride  (2  ml)  at  room  temperature  for 
3  days.  After  workup  an  oil  (44  mg)  was  obtained.  This  was 
purified  by  chromatography  over  alumina  (1.5  g) .  Elution  with  ether 
gave  a  tic  homogeneous  oil  (38  mg)  that  could  not  be  induced  to 
crystallize.  The  analytical  sample  was  purified  by  evaporative 
distillation.  Calcd  for  Cggh^jNOq:  molecular  weight  349.2253. 
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Found:  349.2246  (mass  spectrometry);  mass  spectrum  m/e  190 

(44)  ,  230  (100)  ,  290  (53)  ,  292  (56)  ,  306  (8)  ,  349  (13);  ir  (CC14) 
no  OH  or  NH  absorption,  2750  and  2800  ("Bohlmann  bands"),  and 
1735  cm  1;  nmr  (CCl^)  t  5.06  (1  H,  d,  J  =  7  cps  ,  -CHOAc)  ,  5.45 

l 

(1H,  s,  W 2/2  z  3  cps,  -  CHOAc)  ,  7.98  and  8.02  (two  3  -  proton  singlets  , 

-OCOCH3),  and  9.08  (3H,  d ,  J  =  6  cps  ,  -CHCH3). 

Hydrogenation  of  Acrifoline  (36) 

Acrifoline  (527  mg)  in  methanol  (50  ml)  was  shaken  over 

Adams'  catalyst  (150  mg)  at  a  hydrogen  pressure  of  50  psi  for  3 

hours.  Filtration  of  the  catalyst  and  evaporation  of  the  methanol 

gave  a  solid  which  after  re  crystallization  from  ether  melted  at 

167-171°  (502  mg).  Dihydr oacrifoline  (109a)  has  previously  been 

95  o 

reported  by  Iverach  (mp  168-173  ).  Comparison  of  the  infrared 
spectra  showed  them  to  be  identical. 

Reduction  of  Dihydr  oacrifoline  (109a) 

Hydrazine  which  had  been  refluxed  over  sodium  hydroxide 
pellets  for  3  hours  was  distilled  into  a  solution  of  diethylene  glycol 
(25  ml)  and  sodium  (0.5  g) .  The  resulting  solution  was  distilled 
until  the  solution  temperature  reached  190°.  The  solution  was 
allowed  to  cool  to  50°  and  dihydr  oacrifoline  (300  mg)  was  added.  The 
solution  was  refluxed  at  a  solution  temperature  of  190-195°  for  17 
hours.  The  cooled  reaction  mixture  was  diluted  with  water  ,  acidified 
with  6N  hydrochloric  acid,  and  continuously  extracted  with  ether  for 
24  hours.  The  aqueous  layer  was  separated,  made  basic  with  coned 
ammonium  hydroxide  and  extracted  with  chloroform.  The  dried 
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(MgSO^)  chloroform  extract  was  evaporated  to  a  solid  residue  (253 
mg).  Recrystallization  from  acetone  gave  crystals,  mp  99-100°. 
Calcd  for  C^^H^yNC):  molecular  weight  249.2093.  Found: 

249.2090  (mass  spectrometry);  ir  (Nujol)  3400  cm *  1  ,  no  carbonyl; 

ir  (CHCl^)  3620,  2820,  2760  ("Bohlmann  bands")  ,  and  no  carbonyl; 

I  l 

nmr  (CDC13)  t  6.1  (1H,  m,  -CHOH),  6.65  (1H,  s,  -CHOH),  and 

9 . 1 0  ( 3H  ,  d,  J  -  5  cps);  mass  spectrum  m/e  137  (45),  190  (13), 

192  (100)  ,  193  (58)  ,  206  (35)  ,  232  (8)  ,  249  (44,  parent  peak). 

Oxidation  of  Dihydr  oepiallolycopodine  (110a) 

Dihydr oepiallolycopodine  (100  mg)  was  dissolved  in 

acetone  (15  ml)  and  Jones'  reagent  (1.0  ml)  added  dropwise.  After 

a  few  minutes  methanol  (1  ml)  was  added  and  then  most  of  the 

solvent  was  removed  under  reduced  pressure.  The  residue  was 

dissolved  in  water,  coned  ammonium  hydroxide  added  and  the  basic 

solution  (pH  >  11)  extracted  with  chloroform.  Evaporation  of  the 

chloroform  left  an  oil  (81  mg)  which  was  dissolved  in  ether  and 

filtered  through  a  pad  of  alumina.  The  resulting  tic  homogeneous 

oil  could  not  be  induced  to  crystallize.  Calcd  for  C^H^NO: 

molecular  weight  247.1936.  Found:  247 . 1  936  (mas  s  spectrometry); 

ir  (CHC13)  2815  ,  2750  ("Bohlmann  bands")  ,  and  1700  cm"1  ,  no  OH; 

I 

nmr  (CDCl^)  t9.20  (d,  J  =  5.5  cps,  -CHCT^),  mo  signals  below 
T  7 . 5;  mas  s  spectrum  m/ e  137  (28),  162  (21),  17  (9),  190  (100), 

191  (2  0)  ,  204  (15)  ,  23  2  (3)  ,  and  247  (11). 

Attempts  to  prepare  a  crystalline  hydroperchlorate  salt 
of  epiallolycopodine  (111a)  resulted  in  an  oil  which  could  not  be 
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induced  to  crystallize. 

Epiallolycopodine  methiodide  was  prepared  from  methyl 
iodide  in  methanol  solution  in  the  usual  way,  mp  283-284°. 

Oxidation  of  Dihydr oacr ifoline  (109a) 

A  solution  of  dihydr oacrifoline  (530  mg),  cyclohexanone 
(4  ml)  ,  aluminum  isopropoxide  (500  mg),  and  toluene  (30  ml)  was 
refluxed  for  2  hours.  The  reaction  solution  was  diluted  with  benzene 
and  extracted  with  IN  hydrochloric  acid.  The  acidic  extract  was 
washed  with  ether  ,  basified  with  coned  ammonium  hydroxide  ,  and 
extracted  with  chloroform.  The  dried  (MgSO^)  chloroform  extract 
was  evaporated  to  yield  an  oily  residue  (500  mg)  which  was  chromato¬ 
graphed  over  basic  alumina  (15  g).  Elution  with  ether  gave  a 

o 

crystalline  component  (220  mg),  mp  135-138  ,  which  had  the  same 

95 

infrared  spectrum  as  the  diketone  (112a)  prepared  by  Iverach  ; 

ir  (CHCl^)  2760  and  2820  ("Bohlmann  bands")  ,  and  1720  cm  ^  ,  no  OH. 

Selective  Reduction  of  Diketone  (112a) 

The  diketone  (200  mg)  prepared  from  dihydr  oacr  ifoline 

was  dissolved  in  glacial  acetic  acid  (3  ml).  Ethanedithiol  (1  ml)  , 

and  boron  trifluoride  ether  ate  (1  ml)  were  added  and  the  solution 

96 

allowed  to  stand  at  room  temperature  for  36  hours  .  The  liquid 
was  removed  by  evaporation  under  reduced  pressure  and  the  residue 
dissolved  in  methanol.  Raney  nickel  (2  g  ,  W -2)  was  added  and  the 
solution  refluxed  for  12  hours.  The  catalyst  was  removed  by 
filtration  and  the  solvent  by  evaporation.  The  residue  (186  mg) 
was  dissolved  in  acetone.  Jones'  reagent  (1  ml)  was  added 
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dropwise.  After  a  few  minutes  methanol  (1  ml)  was  added  and  the 
solvent  removed  by  evaporation.  The  residue  was  dissolved  in 
water.  The  aqueous  solution  was  made  basic  with  coned  ammonium 
hydroxide  and  extracted  with  chloroform.  The  dried  (MgSO  .) 

nr 

chloroform  extract  was  evaporated  to  give  an  oil  (134  mg).  This 

oil  was  chromatographed  over  basic  alumina  (12  g).  Elution  with 

benzene  first  gave  an  oil  (23  mg)  ,  devoid  of  carbonyl  absorption  in 

the  infrared.  This  was  followed  by  epily copodine  (15)  (25  mg) 

25 

identified  by  comparison  with  an  authentic  sample  .  Elution  with 
ether -benzene  gave  fractions  that  contained  two  components  (10  mg 
total)  with  R£  values  corresponding  to  epilycopodine  and  starting 
diketone.  Elution  with  ether  gave  the  starting  diketone  (30  mg). 
Bromination  and  Hydrolysis  of  Alkaloid  L.23  (98a) 

Alkaloid  L.23  (100  mg)  was  dissolved  in  methanol. 
Hydrobromic  acid  (45%)  was  added  until  the  solution  showed  red  on 
litmus  paper.  The  solvent  was  removed  and  the  salt  recrystallized 
from  methanol ,  mp  295-299  (dec);  ir  (Nujol)  3320,  1695,  and  1410 
cm-^.  Alkaloid  L.23  hydrobromide  (105  rng)  was  dissolved  in 
glacial  acetic  acid  (2  ml)  ,  phenyltrimethylammonium  perbromide 
(150  mg)  added  and  the  solution  stirred  at  room  temperature  for 
12  hours.  The  solvent  was  removed  by  evaporation  under  vacuum. 
The  residual  semisolid  was  dissolved  in  aqueous  sodium  bicarbonate 
(5%)  (50  ml)  and  the  solution  stirred  for  20  hours.  The  aqueous 
solution  was  extracted  with  chloroform.  The  chloroform  extract  was 
dried  (MgSO^)  and  evaporated  to  give  a  solid  (78  mg).  Recrystal- 
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lization  from  acetone  gave  crystals,  mp  1  54-156°;  ir  (CC14)  2810, 
2740,  and  1780  cm-'*';  nmr  (CCl^)  t  9.03  (d,  J  -  5.5  cps)  ,  no 
signals  below  x  7.4;  mass  spectrum  m/e  160  (33),  1  6 1  (60), 

162  (57),  174  (100),  216  (20),  217  (16),  260  (33),  261  (48,  parent 
peak).  Exact  masses  were  measured  of  peaks  m/e  217.1832 
(calcd  for  C^H^N:  217.1831)  and  26 1  .  1730  (calcd  for  Cl6H23NC>2 


261 .1729). 
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APPENDIX  1 


Correspondence  with  Prof. 


Y  . 


Inubushi 


March  25,  1966. 


Professor  Y.  Inubuahi, 

Faculty  of  P.yjnaciutical  Sciences, 

03 aka  University, 

Tayonaka, 

Osaka-Fu, 

Japan. 

Dear  Professor  Inubushl: 

Thank  you  very  much  for  your  recent 
letter  and  for  tie  preprints  of  your  papers  on 
aerratinino.  I  voull  like  to  conp linen t  you  on 
thcj  work  cn  eerratinine,  it  i3  a  very  good  piece  of 
work. 

I  think  it  i 3  poasiole  that  a  ccnpousvl 
which  we  have  isolated,  alopecuridina  (see 
accompanying  preprint)  nay  represent  a  biogonotic  link 
to  two  an  lycodoline  ar.I  serratinir.e.  It  i3  possible 
that  it  h.i.i  structure  I  (>*0.l)  and  t'-at  f awcettinine 
(Jurnell,  C?tn.  J.  Chen.  41,  3091  (1963))  kins  structu'-i 
1  (R-U). 


r 


Parhaps  it  would  be  possible  to 
correlate  favcettinino  and  surratinina.  Corapound  II 
is  readily  available  from  fawcettini t.o,  and  we  shall 
attempt  to  transform  it  irito  your  0,0,b-triacctyl- 
chancdihydrosarratininn.  In  connection  with  this  I 
would  very  much  like  to  run  the  riass  spectrum  of  your 
O,0,»;-triacetylchanodihydroserratinine  if  you  could  spare 
a  milligram  or  two. 

Congratulations  again  on  a  very  good  piece 

of  work  ! 


Yours  sincerely. 


FACULTY  OF  PHARMACEUTICAL  SCIENCES 
OSAKA  UNIVERSITY 

TOVOfeAKA.  OSAKA  F\J,  JAPAN 

November  4,  i960 

Professor  W,  A.  Ayer 
Department  of  Chenistry, 

Univorsit7  of  Alberta, 

Edroaton,  Alberta 

Canada 

Dear  Professor  Ayer; 

:ecently,  v;e  hare  established  structures  of  chree  alkaloids 
which  had  seeced  to  be  closely  related  to  eerratinine  and  I 
enclose  a  reprint  and  two  preprints  on  these  works. 

In  your  forner  letter,  you  pointed  out  that  it  i3  po  sible 
fro~  biojenetic  consideration  of  serratir.ine  ty^e  alkaloids  we 
suc;>ected,  that  f  avce  i  ticir.e  hxs  structure  (l). 

On  the  basis  of  your  suggestion,  we  transforced  to  the  compound  II 
a.p.  205-20?*,  from  eerratinine  which  n_y  corres  ond  to  h-aoetyl- 
dihydrofawcettimine,  reported  a.p.  205-206", 

I  should  appreciate  if  you  would  rind  cor.paring  our  -a  pie 
with  ff-acetyldihydrofawcetti~ine  fron  natural  allialoid.  If 

they  are  identical,  I  would  like  to  surest  you  that  i  would  gladly 
hare  a  joint  paper  with  you  in  sose  journal.  I  would  like  to 
leave  your  decision  on  this  natter. 

I  an  looking  forward  to  hear  froa  you. 


W.  A.  Ayar. 
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APPENDIX  2 

Alkaloids  from  L.  Phyllanthum 

Thin- layer  chromatography  of  the  total  alkaloids  of  L. 
phyllanthum  showed  that  there  were  about  12  compounds  present.  A 
small  specimen  (90  mg)  of  the  total  alkaloids  was  subjected  to  elution 
chromatography  on  basic  alumina  (6.0  g)  but  only  impure  fractions 
were  obtained.  Preparative  thin -layer  chromatography  of  these 
chromatographic  fractions  did  not  give  pure  compounds. 

An  attempt  was  made  to  separate  the  components  of  the  total 
alkaloids  by  glpc* **.  One  alkaloid  was  separated  in  a  pure  form  and 

this  was  shown  to  be  identical  with  lycodoline  (14)  (tic  behaviour  and 

.  %  25 

mass  spectrum  ) 

A  crystalline  material  (13  mg)  ,  mp  250-258°,  had  been 

obtained  from  the  total  alkaloids  during  the  isolation  procedure;';;';. 

This  compound  was  recrystallized  from  acetone,  mp  258-259  ,  and 

shown  to  be  identical  with  alkaloid  L.20  (18)  (tic  behaviour  ,  ir  and 
29 

mmp) 


*  This  work  was  done  by  Mr.  D.  McMinn. 

**  Total  alkaloids  of  L.  phyllanthum  isolated  by  Smith  Kline  and 


French  Laboratories  ,  Philadelphia,  U.  S.  A.  . 
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APPENDIX  3 

Alkaloids  from  Unnamed  Lycopodium  species  (Peru) 

Preparative  thin-layer  chromatography  separated  the  total 

alkaloids  (13  mg)  of  this  unnamed  Lycopodium  species  from  Peru* 

into  two  main  components.  The  first  component  (2.1  mg)  was 

purified  by  molecular  distillation  and  was  shown  to  be  identical 

33 

with  cernuine  (22)  (tic  behaviour,  ir  and  mass  spectrum) 

The  other  component  (2.1  mg)  had  an  infrared  spectrum  very 

similar  to  lycocernuine  (23)  „  This  was  confirmed  by  the  preparation 

of  O -acetyllycocernuine  with  acetic  anhydride  in  pyridine  solution. 

The  acetylated  material  was  purified  by  molecular  distillation  and 

gave  a  mass  spectrum  identical  with  the  spectrum  of  O-acetyl- 
33 

lycocernuine 


*  Total  alkaloids  isolated  by  Smith  Kline  and  French  Laboratories  , 
Philadelphia,  U„  S.  A.. 
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